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Abstract

Research Area:
To determine and examine the effects of a 12-week exercise programme for people with
diabetes on their blood glucose control, physiological components and psychological
well-being.

General:
Diabetes is not a single disease, but a group of disorders of varying aetiology and
pathogenesis that are characterised by increasing fasting, postprandial blood glucose
concentrations, insulin deficiency and /or decreased insulin action and abnormalities of
glucose, lipid and protein metabolism (Colberg, 1999). Diabetes mellitus is a chronic
metabolic disorder illustrated by an abnormally elevated blood glucose level. Tliere is
little argument that diabetes mellitus ranks as one of the most serious and debilitating
diseases in the world (Rimmer, 1994). The primary goal of diabetes management is to
normalise the blood glucose levels. Exercise is frequently recommended strategy for the
management of type I and type II diabetes but the precise and expected significant
improvements in glycemic control have not been forthcoming (Pierce, 1999; Kemmer &
Berger, 1983). Type I diabetics always balance between hyper- and hypoglycemic.
However, exercise accelerates the rate at which both these unpleasant alternatives
develop. One of the reasons for lack of empirical experimental evidence is due to the
precise nature of the exercise and the methodological procedure used by previous studies.

Procedure:
The study was carried out using 5 males and 4 females with type I diabetes & 1 male
with type II diabetes in the South-West of Ireland. Each subject was tested for
physiological and psychological well-being and then placed on an individualised exercise
programme for 12-weeks. Following the intervention programme the same physiological
and psychological variables were re-assessed and an analysis was made between pre and
post results both individually and as a group of type I diabetics (n = 9).
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Findings:
Exercise has the potential to benefit diabetics both via physiological and psychological
means as it does for non diabetic individuals. The study did not show any significant
decreases in overall blood glucose control (HbAlc) either during the 12-week exercise
programme or the following 6-month observation period. However the regression
analysis showed that the total amount to exercise days can be used as a predictor for the
changes in % body fat and changes in HbAlc - long term blood glucose control. The
study did show a positive change in the physiological and psychological variables that
were assessed namely that of aerobic capacity, body composition, flexibility, lung
function, depression, anxiety, energy, positive well-being and general well-being. More
importantly the intervention study has resulted in increased knowledge of the effect of
exercise on their immediate blood glucose control and also on their long-term control.
The participants have also been introduced to regular physical activity, which is
recommended for general good health (U.S. Department of Health and Human Services,
1996).

Conclusion:
Even though there was no significant statistical decrease in HbAlc there were individual
decreases in blood glucose levels as a result of exercise. Additionally participants felt
better both physiologically and psychologically and had gained knowledge and education
about their diabetes and how to manage it successfully. They were all more conscious of
undertaking regular blood glucose monitoring and of the effects of exercise on their
health. It is therefore crucial that information and education in relation to exercise and
diabetes is disseminated to all those involved in diabetes care and management and also
to those working and training in the leisure industry. It is also imperative that a proactive
preventive approach is established so as to reduce the increasing occurrence of diabetes.
Harmonisation of criteria for general guidelines must be given and supported by
individual advice for participation in exercise.
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Glossary
1. Adenosine triphosphate (ATP) - a high energy phosphate compound from which the
body derives its energy
2. Aerobic - exercise in which energy needed is provided by using oxygen inspired
3. Anaerobic - in the absence of oxygen- Exercise in which energy exceeds oxidative
processes and non-aerobic metabolism begins
4. ANOVA - (analysis of variance): An F value that represents the ratio of between
group and between group variance
5. Arteriosclerosis - a condition that involves loss of elasticity, thickening , and
hardening of the arteries
6. Atherosclerosis - a form of arteriosclerosis that involves changes in the lining of the
arteries and plaque accumulation leading to progressive narrowing
7. Blood glucose - sugar level in the blood
8. Blood lipids - blood borne fats, such as triglycerides and cholesterol
9. Bias - Bias means there are factors operating on the sample so it is not representative
of the population from which it was drawn
10. Body composition - relative amounts of muscle, bone, and fat in the body; often
taken as the relative amounts of fat (fat mass) and fat free mass
11. Borg Scale - a numerical scale for ratings of perceived exertion
12. Cardio-respiratory endurance - the ability of the body to sustain prolonged exercise
13. Cardiovascular exercise - predominantly dynamic exercise using large muscle group
14. Cardiovascular fitness - the ability to perform moderate to high intensity exercise
used interchangeably with physical work capacity and maximal oxygen consumption
(V02max)
15. Catecholamines - biologically active amines, such as epinephrine and
norepinephrine, that have powerful effects similar to those of the sympathetic nervous
system
16. Cholesterol -an essential component of our body cells. It comes from foods we eat
and is also made by our bodies
17. Coronary Heart disease (CHD) - when blood vessels become narrowed and partially
blocked by the build up of blood fats.
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18. Diabetes mellitus - a disorder of carbohydrate metabolism characterised by high
blood sugar levels (hyperglycemia) and presence of sugar in the urine (glycosuria).
The disease develops when there is inadequate production of insulin by the pancreas
or inadequate utilisation of insulin by the cells
19. Dyslipidemia - high levels of very low density triglycerides
20. Fast twitch (FT) fibre - a type of muscle fibre with a low oxidative capacity and a
high glycolytic capacity, associated with speed or power activities
21. Forced expiratory volume - (FEVl) - the volume of air exhaled in the first second
after maximal inhalation
22. Free fatty acids - the components of fat that are used by the body for metabolism
23. Gluceogenesis - the conversion of protein or fat into glucose
24. Glucose - the body’s energy source. Glucose is converted by the body from digested
foods, in particularly starchy foods such as bread. Glucose is stored in the liver and
released when levels in the blood go too low. Insulin is needed to “move” glucose
from the blood into the body’s cells where it is needed.
25. Glucose effectiveness - the ability of glucose itself to enhance its uptake and suppress
glucose release by the liver
26. Glucose transport - is the penetration of glucose through the plasma membrane,
27. Glucose uptake - clearance of glucose from the surrounding medium and involves the
processes of glucose transport and intracellular glucose disposal
28. Glycogen - the storage form of carbohydrate in the body, found predominantly in the
muscles and liver
29. Glycogenesis - the conversion of glucose to glycogen
30. Glycogenolysis - the conversion of glycogen to glucose
31. Glycolysis - the breakdown of glucose to pyruvic acid
32. Glycosylated Haemoglobin (HbAlc) - formed by the non-enzymatic glycated of the
N terminus of the beta chain of haemoglobin and reflects the level of plasma glucose
over a period of approximately 3 months
33. Hormone - a chemical substance produced or released by an endocrine gland and
transported by the blood to a specific target tissue
34. Hyperglycemia - an elevated blood glucose level
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35. Hyperglycemia (hyper) - high blood glucose levels
36. Hyperinsulinemia - chronically elevated levels of insulin
37. Hyperlipidaemia - raised cholesterol or triglycerides in our blood
38. Hypertension - higher than normal arterial blood pressure; often defines as a resting
blood pressure greater than 140/90mm Hg or a mean arterial pressure in excess of
110mm Hg
39. Hypoglycemic awareness - loss of the ability to make or recognise the early warning
symptoms of a hypo
40. Insulin - a hormone produced by the beta cells in the pancreas that assists glucose
entry into cells
41. Insulin resistance - a condition that occurs when insulin becomes ineffective or less
effective than is necessary to regulate sugar levels in the blood - deficient target cell
response to insulin - the inability of normal insulin level to produce an appropriate
biological response. Insulin resistance signifies an impaired ability of skeletal muscle
cells and other types of cells to remove glucose from the blood under the action of
insulin.
42. Insulin responsiveness - an increase in the response to a maximally stimulating
insulin concentration
43. Insulin sensitivity - a decrease in the insulin concentration required for half maximal
response - a person with insulin resistance is said to have decreased insulin
sensitivity. The body’s cells are not sensitive to insulin so they resist it and sugar
levels are not regulated effectively - effectiveness of insulin in causing glucose uptake
44. Ketoacidosis - serious condition characterised by high blood glucose levels, ketones
in the urine, vomiting, drowsiness and a smell of acetone (pear drops) on the breath.
Urgent medical advice is critical.
45. Ketones - acid substances formed when fat stores are used to provide energy.
46. Lipids - another terms for fats
47. Lipoprotein lipase - the enzyme that breaks down triglycerides to free fatty acids and
glycerol, allowing the free fatty acids to enter the cells for use as a fuel or for storage
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48. Lipoprotein - a complex consisting of fat and protein molecules bound together;
cholesterol and triglycerides are transported in the blood stream as parts of the
lipoprotein structure
49. M/I - a measure of the quantity of glucose metabolized per unit of plasma insulin
concentration and is thus a reasonable index of tissue sensitivity to insulin Markers of
insulin resistance - dyspilidemia, intra-abdominal obesity, hyperinsulinemia, and
hypertension
50. Maximal Heart Rate- the highest heart rate value attainable during all out effort to the
point of exhaustion
51. Maximal Oxygen Consumption (VO2 max) - the greatest rate of oxygen consumption
attained during exercise at sea level; usually expressed in litres per minute (l.min-l)
or millilitres per kilogram body weight per minute (ml.kg-1 .min-1); represents the
maximal rate of aerobic metabolism. It is also known as aerobic power, maximal
intake, maximal oxygen consumption, and cardio respiratory endurance capacity
52. Oral Glucose tolerance test - a test to determine if a person is a diabetic. The test
measures the body’s ability to clear sugar from the blood in a reasonable time after
having taken a standardised oral dose of glucose (sugar)
53. Ratings of perceived exertion (RPE) - a person subjective assessment of how hard he
or she is working. A numeral ratings assigned to the perceived effort associated with
performance of an exercise task; usually either a 0-10 or 6-20 rating scale is used
54. Regression - 1) a method of predicting values on the Y variable based on a value on
one or more X variables and the relationship between the variables. 2) A statistical
term meaning prediction
55. Resistance training - training designed to increase strength, power, and muscular
endurance
56. Second messenger - a substance that acts as a messenger inside of a cell after a non
steroid hormone binds to receptors outside the cell
57. Significant - a statistical term meaning that a relationship or a mean difference is not
due solely to chance
58. The glycemic index (GI) is a ranking of foods based on their postprandail glycemic
response. Glycemic index is equal to the postprandial change in blood glucose from a
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Standard amount of a food divided by the postprandial change in blood glucose from a
standard glucose load multiplied by 100. They results suggest a pre-exercise low
glycemic index may positively affect maximal performance following sustained
exercise.
59. Triglycerides - a compound consisting of three molecules of fatty acids and one
molecule of glycerol
60. Type I diabetes - insulin dependent diabetes mellitus (IDDM). Type I diabetes
generally has a sudden onset during childhood or young adulthood and leads to
almost total insulin deficiency, usually requiring daily insulin injections.
61. Type II diabetes - non-insulin dependent diabetes mellitus (NIDDM). In type II
diabetes, disease onset is more gradual and the causes are more difficult to establish
than in type I diabetes. Type II diabetes is characterised by impaired insulin secretion,
impaired insulin action, or excessive glucose output from the liver.
62. Valsalva manoeuvre - an attempt to exhale forcible with the glottis closed; increased
intrathoracic pressure, slowed pulse rate, decreased venous return, and increased
venous pressure may result- the process of holding the breath and attempting to
compress the contents of the abdominal and intra thoracic pressure
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Introduction

1.1 Introduction

The clinical definition of diabetes is a chronic disease characterized by the body’s
inability to produce or properly use insulin, a hormone needed to convert sugar, starches
and other food into energy essential for daily life. When left untreated, diabetes can lead
to heart diseases, blindness, amputation, kidney diseases, dental disease, nerve damage,
sexual dysfunction and pregnancy complications (Bell, 1997). A personal definition of
diabetes is: three injections per day, three blood tests, three meals, three snacks,
hypoglycemic and hyperglycemic blood levels and attempting to control something that
at times is uncontrollable (Walsh, 2001). The name of the disorder is taken from the
Greek diabetes meaning “siphon”, a reference to the excessive urination, and the Latin
“mellitus” meaning honey sweet, a reference to the sugar sweet urine.

There are two main types of diabetes, insulin-dependent diabetes mellitus and non-insulin
diabetes mellitus.

Insulin-dependent diabetes mellitus (IDDM)
This is also referred to as Type I. The primary defect in IDDM is inadequate insulin
secretion caused by an auto-immune process that destroys the pantracetic B-cells
(Horton, 1988).

Non-insulin dependent diabetes mellitus (NIDDM)
This is also referred to as Type II diabetes. NIDDM results from an imbalance between
insulin sensitivity and insulin secretion (De Fronzo, Bonadonna & Ferrannini, 1992).
Both longitudinal and cross sectional studies have demonstrated that the earliest
detectable abnormality in NIDDM is an impairment in the body’s ability to respond to
insulin (De Fronzo, Bondadonna & Ferrannini, 1992). Individuals with Type II are
considered to have a relative insulin deficiency since they may have elevated, reduced, or
normal insulin levels but still present with hyperglycemia (Diabetes Federation of
Ireland, 2000).
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Today in Ireland, according to the Diabetes Federation of Ireland, it is estimated that
140,000 people have diabetes and that 70,000 of those who have the condition are
unaware of it.

Few developments in medicine have changed the course of a disease so drastically as the
development of insulin by Banting and Best in 1921 (Leon, 1987). After the discovery of
insulin in the 1920’s, the three cornerstones of diabetes management care became insulin,
diet and exercise. One of the unique features of diabetes is the amount of involvement the
individuals with diabetes has in their own care.

Self-care is a critical issue in diabetes because more than 99% of diabetes care is selfcare. The vast majority of diabetes care takes place not 2-4 times a year in the health care
providers office, but literally countless times each day in the places where people with
diabetes live, work, eat and play. Levels of self-care and glycemic control among people
with diabetes in the Ireland are not good. The average HbAlc of a person with type II
diabetes is 9.5%, representing average blood glucose of about 14mmol/L (Diabetes
Federation of Ireland, 2000). Achieving good diabetic control is influenced by the
doctor’s attitude and practices (Kamien, Ward, Masfield, Fatovich, Mather, & Anstey,
1994) and by the patient’s understanding of the disease and the extent to which they will
alter their lifestyle in the quest for good glucose control (Hiss, 1996). The means to lower
glucose levels are twofold: lifestyle modifications and medical treatment (Van den
Arend, Stolk, Krans, Grobbee, & Schrijvers, 2000). It is apparent that an essential goal of
diabetes care is to improve diabetes related coping skills among diabetic’s and, as a
consequence, to improve self care behavior, metabolic outcomes and quality of life as
well. Quality of life is affected by improved coping skills, both directly, through reduced
emotional distress, and indirectly, through the effects of coping skills on self-care,
glycemic control and long-term health outcomes. Coping problems are common among
people with diabetes largely because the demands of diabetes management are so
substantial and unremitting. Specifically, the regimen is demanding and unpleasant,
factors outside the patient’s control often affect glycemic control, and the avoidance of
diabetes related complications cannot be guaranteed. Diabetes management is a 24-hour-

Olive Fanning M.Sc. Health, Fitness & Leisure

Introduction

a-day, 365-day-a-year proposition. Thus, diabetes affects every aspect of a person’s life,
including job, social life, recreation and family life (Rubin, Peyrot & Saudek, 1993).

Blood glucose may be the most important clinical characteristics of diabetic patients. Not
only does the level of blood glucose define the disease, it is a major risk factor for
complications of diabetes in later years (Harris, Eastman & Cowie, 1999).

The increase in psychological well being (Hillson, 1984; Berger & Lefebvre, 1980;
Divekar, 1980) and in insulin sensitivity in both type 1 (Costill, Cleary, Fink, Foster, Ivy
& Witzmann, 1979; Lawrence, 1926) and type II diabetic subjects (Koivisto & De
Fronzo, 1984; Grigorescu, 1980; Berglung, Wajngot & Efendic, 1980) with moderate
exercise have been well documented. The improvement in lipid profile (Koivisto et al.,
1984; Ruderman, Ganda & Kjohansen, 1979) and mild to moderate hypertension (Joslin,
Root, White & Marble, 1959) has also been evident in both diabetic and normal subjects
(Laaksonen, Ataley, Niskanen, Mustonen, Sen, Lakka & Uusitupa, 2000; Hale, 1992;
Lampman & Schteingart, 1991).

But earlier theories that exercise improves metabolic control in type I diabetics have now
been challenged (Colberg 2001; Ruderman & Devlin 1995; Lampman & Schteingart,
1991; Richter & Galbo, 1986; Zinamn, Zuniga-Guajardo & Kelly, 1984).

Several studies have reported that persons with diabetes tend to overeat rather than under
eat with exercise (Zinman, Zuniga-Guajardo & Kelly, 1984; Wallberg-Henriksson,
Gunnarsson & Henriksson, 1982). The best way to determine how much extra food is
needed is to monitor blood glucose levels (Franz, 1991). This failure of physical activity
to improve long term glucose control, associated with the increased acute risk and
complications of exercise, has cast substantial doubts as to whether exercise should be
advocated for all diabetic individuals. Most diabetologists believe that the goal should be
to encourage exercise for those who do not have any significant contraindictions and who
wish to participate. With proper instruction, careful monitoring, appropriate adjustments
in insulin and food intake, an individual with type I diabetics can learn to experience
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exercise safely and many have achieved the status of world class athletes. Steve Redgrave
is one such example of this - he is a special inspiration because he has worked around his
diabetes not simply to carry on every day life but to win five Olympic gold medals
(Pullen, 2000).

People with diabetes were less likely to report exercising regularly than people without
diabetes namely because of difficulties controlling their blood glucose or lack of
knowledge relating to the effects of exercise on their overall control. Therefore the
majority of people with diabetes, like their non-diabetic counterparts, are not meeting
national physical activity goals (Ford & Herman, 1995). 56% of men and 52% of women
believe they do enough exercise to keep fit, while only 36% of men and 24% of women
are active at a regular moderate level (Health Education Authority, 1995).

Physical activity may not be a panacea of all ailments, but it has beneficial effects on the
physical and psychological well-being of individuals and has the potential to improve
quality of life (Burr & Nagi, 1999; Stewart, Hays, Wells, Rogers, Spritzer & Greenfield,
1994). The advice about physical activity currently been given to patients is minimal,
with encouraging words such as “exercise is good for you” or “you should try to do more
exercise”. Such platitudes are unlikely to bring about lifestyle changes. At present, little
effort is being made to assess the exercise pattern of patients and to examine their
potential to increase activity. With so little formal emphasis on the benefits of physical
activity, it is not surprising that there is little success in modifying this aspect of patient
behaviors (Burr & Nagi, 1999).

Research into the effects of diabetes and treatment on quality of life is also in line with
the national strategy. It encompasses a holistic approach to health care, taking account of
the “psychological, social and environmental factors influencing patients” health
status”(0’Neill & Evans, 1998).

The Diabetes Control and Complications Trail (DCCT) is a prospective randomized
multi-center clinical trail designed to compare the effects of intensive insulin therapy
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aimed at near normalization of blood glucose levels with the effects of conventional
therapy to the early microvascular complications of IDDM (Diabetes Control and
Complications Trial, 1993). The positive results from the DCCT was that it showed that
any improvement in control had an impact on complications. Even a 2% reduction in
ones HbAlc test would reduce ones risk of complications. DCCT found a strong
relationship between tight diabetes control and the risk of a severe hypoglycemic attack for every 1% lowering of glycated haemoglobin (HbAlc) there was a 36% increase in
risk (Diabetes Control & Complications Trial, 1993).

1.2 Statement of the Problem
The aim of the study was to determine and examine the effects of a 12-week exercise
programme for people with diabetes on their blood glucose control, physiological
components and psychological well-being.

1.3 Purpose of the Study
The purpose of the study was to examine a wide variety of physiological components
including assessment of aerobic capacity, body composition, lung, function, flexibility
and blood glucose control (HbAlc levels). Psychological well-being was also assessed
which includes sub scales for depression, anxiety, energy and positive well being. This
had the purpose of identifying exact levels of these variables so as to compare these to the
general public norms. It additionally had the benefit of being used for a pre/post
comparison, which analysed the effect of a 12-week exercise programme on the
components mentioned above. Therefore it would highlight the positive or negative
effects on various physiological and psychological components and how exactly each
individual blood glucose response responded to various forms of exercise. Additionally it
pinpoints exact interest and ability levels of participants so that the self-motivated
programme of physical activity can be maintained thereafter the initial 12-week
programme. Furthermore it has the added benefit of identifying whether a self-motivated
programme can encourage continued exercise participation 3 and 6 months following the
programme.
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1.4 Need for the Study
The study was undertaken due to the fact that there is a lack of current and reliable
studies on the effect of exercise on the diabetic individual as a whole. There has been
ample evidence for and against the effect of exercise with diabetics but few have assessed
both the physiological and psychological components of exercise. Additionally there is
evidence that this population group are not meeting current recommendations for exercise
guidelines. Therefore a programme using methods to highlight the benefits of exercise to
the whole individual might encourage continual exercise after the programme has ceased.

Additionally it gives diabetic individuals an opportunity to be more informed on the
guidelines, effects and benefits of various t>pes of exercise during different times of the
day and during different medication regimens.

1.5 Delimitation’s
•

There are many ways to assess the physiological components measured such as
aerobic capacity, flexibility, lung function, body composition, HbAlc and
Psychological Well Being.

•

This study is delimited by using the methods for each component as follows:

•

Aerobic Capacity- treadmill maximal or sub-maximal VO2 max test; Flexibility Leighton Flexometre; Body Composition - Skin folds - Dumin and Womersley
4-site - Harpenden Calipers; Lung Function - Spirometer- Microlab 3300; HbAlc
Blood Glucose Measurements - Chromatography - HI-Auto Alc-Ha-8140;
Psychological Well Being - Bradley Well Being Questionnaire.

•

The study was also delimited to adults with either type I or type II diabetes
mellitus in the Southwest region.

1.6 Limitation’s
•

Due to a time limiting and financial factor the intervention programme was run
for only 12 weeks, which might not be long enough to identify long-term changes.
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•

The intervention concentrated on adults with either type I or type II diabetes in
the Southwest of Ireland. The sample population may not include a full spectrum
of adults with diabetes in Ireland.

•

The sample group for the intervention is relatively small or self selected and this
may suggest that there is a lack of education and knowledge amongst the diabetic
population on the benefits of exercise for their overall all well being.

•

The use of maximal and submaximal tests for the determination of VO2 max and
the substantial comparison of results has limited results but was required due to
the individual nature of the subject’s fitness levels.

•

Due to resources the study was limited to using outside expertise for the
measurement of the HbAlc blood glucose measurement.

•

The lack of Irish statistical literature on the whole area of diabetes, diabetes
management and care and more specific areas such as the effects of various
lifestyle interventions such as exercise has limited the research completed.

1.7 Assumptions
1. That individual’s who presented themselves for participation in the research had
either type I or type II diabetes mellitus.
2. That individuals have the knowledge of taking blood glucose measurements and are
knowledgeable in relation to their individual diabetes plan
3. That all equipment used was correctly calibrated and yielding accurate and reliable
results
4. That all participants were as honest as possible in filling out the log sheets and
participating in the exercise - taking into account that self reports always have this
level of criticism

1.8 Hypothesis
That a 12-week exercise programme will have positive effects for the participants with
diabetes mellitus in terms of their overall glucose control as well as their physiological
and psychological well being.
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2.1 Introduction

This section will be divided into five main sections, which in name sum up the essence of
the research. Initially it is imperative to identify the classification of diabetes and outline
key characteristics of the disease. Following on from this crucial review an investigation
of the physiology of exercise in normal and diabetic subjects is highlighted where the
differences and modifications are identified. Subsequently the area of exercise and its
expected benefits and effects on diabetes mellitus are reviewed. Then the area of
psychological well-being and the effect of exercise on these components are highlighted.
Finally the physiological components that were analysed during the testing are examined
and emphasise the importance of education in intervention sessions.

New figures published by the International Diabetes Federation (IDF) have revealed that
diabetes is one of the most challenging public health problems of the

century.

Unveiling the first Diabetes Atlas at the 17*'^ IDF Congress in Mexico City, the incoming
IDF President, Professor Sir George Alberti, revealed that there are 151 million adults
around the world with diabetes - an increase of 11% in just 5 years. Another major theme
of the Congress was the increasing rise in Type II diabetes in younger people particularly in the developed world. The congress heard that the main cause of this rise
appears to be lifestyle changes - people eating more fatty foods and doing less physical
activity (International Diabetes Federation, 2001).

In 1990 the International Diabetes Foundation, the World Health Organization (WHO)
and many governments agreed on the need to improve services for diabetics. They
unanimously agreed upon the following recommendations and urged that they should be
presented throughout Europe for implementation. The general goals for people - children
and adults - with diabetes concluded: sustained improvement in health experience and a
life approaching normal expectation in quality and quantity and secondly prevention and
cure of diabetes and of its complications by intensifying research efforts.

It also

emphasizes the role of primary care and the need to develop linkages between all health
care providers to ensure optimal care for diabetics. This therefore results in a multi-
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disciplinary approach (British Diabetic Association Diabetes Care & Research in Europe,
1990).

Goal 5 of the Healthy People 2010 initiative states that through prevention programmes,
it will reduce the occurrence of the disease and economic burden of diabetes, and
improve the quality of life for all persons who have or are at risk for diabetes”. The need
to increase physical activity is frequently mentioned by Beamer (2000) even though exact
recommendations of the amount of physical activity are not mentioned in the Report.

As a result Ireland responded by carrying out a multi-disciplinary review of facilities for
diabetes care. This review recommended - a review of the existing services on a
countrywide basis with a view to improving the service where gaps were identified, joint
workings with GP’s and improvements in diabetic services and screening for diabetic eye
disease to be carried by Community Ophthalmic Physicians. The Irish College of General
Practitioners (ICGP) produced a discussion paper on the diagnosis and management of
diabetes in general practice. More recently individual health board have been involved in
profiling needs in their respective regions with a view to improving the service to the
diabetic person (Audit Report of the Midland Health Board-Diabetes Shared Care Pilot
Project 1998-1999).

One such example is the “Shared Care” pilot study undertaken in the Midland Health
Board. Shared Care has been identified as “the joint participation of hospital consultants
and general practitioners in the planned delivery of care for patients with a chronic
condition, informed by an enhanced information exchange over an above routine
discharge and referral notices”. Antenatal shared care is probably one of the most well
know and widely used models of shared care in Ireland, if internationally. Research has
found in shared care schemes with intensive support through a prompting system for
GP’s and patients that HbAlc tended to be lower and losses to follow up were lower than
in primary care (Audit Report of the Midland Health Board- Diabetes Shared Care Pilot
Project 1998-1999).
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2.2 Diabetes Classiflcation

Diabetes is not a single disease, but a group of disorders of varying aetiology and
pathogenesis that are characterised by increased fasting, postprandial blood glucose
concentrations, insulin deficiency and / or decreased insulin action and abnormalities of
glucose, lipid and protein metabolism, and the development of both acute and long term
complications (Bonen, 1995; Galbo, 1988). Diabetes (meaning passing through) is a
general term for conditions characterised by excessive urination. The most common is
diabetes mellitus, which derives its name from high blood sugar (glucose) content in the
blood and urine. This condition is a disorder of carbohydrate, protein, and fat metabolism
that affects vital functions, especially the conversion of foods into energy (Sherrill,
1993). Diabetes is a disorder resulting from a lack of insulin action. Insulin is a hormone
produced in the pancreas. Without it, sugar from the food cannot enter cells. Instead the
unused sugar accumulates in the blood and spills out into the urine. It is a disease that has
long-temi ramifications for the body’s organ systems. The need for individualized
assessment cannot be over emphasized (Pullen, 2000).

While there are no available statistics on the number of people with diabetes in Ireland,
yet it is estimated that over 140,000 people in Ireland have diabetes and that there are
another 70,000 people who are unaware they have the condition as it can take an average
seven years from onset of the condition to diagnosis (Diabetes Federation of Ireland,
2000). Unfortunately there has been no centrally located information on age and sex
categories or exercise habits of individuals with diabetes. Estimates of incidence of
diabetes will not be known until the diabetes register is further developed (Audit Report
of the Midland Health Board- Diabetes Shared Care Pilot Project 1998-1999).

Diabetes is currently classified into four clinically different types. They are:
•

Type I - Insulin dependent (IDDM) diabetes,

•

Type II - Non insulin dependent (NIDDM) diabetes,

•

Gestational diabetes (GDM), and
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•

Other types of diabetes secondary to or associated with other diseases that damage the
pancreas or produce severe resistance

• These diabetes types are outlined in more detail in the forth-coming pages

WHO diagnostic criteria for diabetes 1997
If a person has symptoms of diabetes (i.e. thirst, polyuria, tiredness, blurred vision,
itching), diabetes is diagnosed if they have:
•

A random venous glucose concentration greater than, or equal to 11.1 mmol/1, or

•

A fasting plasma glucose concentration greater than, or equal to 7.0mmol/l or

•

A plasma glucose concentration greater than, or equal to 11.1 mmol/1, two hours after
an oral glucose tolerance test (75 grams of anhydrous glucose).

(The Expert Committee on the Diagnosis and Classification of Diabetes Mellitus, 1997)

There have been changes to the classification and terminology used to define diabetes in
order to avoid confusion implied by referring to treatments that, in practice, may vary
(Me Gough, 2001). The new classification system emphasises etiology and pathogenesis
rather than modalities of treatment (American College of Sports Medicine, 2000). A
major problem area in diabetes classification concerns cases of slowly progressive forms
of type I and type II diabetes, particularly in adults aged 25-50 years. This is a more
contemporary problem because cases of type II diabetes are presenting at an increasingly
younger age (Zimmet, Turner, Me Carthy, Rowley & MacKay, 1999). The essence of the
classification problem is, of course, the incomplete understanding of the pathogenesis of
the two major types of diabetes, given that knowledge of causation is the optimal basis
for classification of disease (Zimmet et al., 1999). An adult presenting with diabetes is
usually assumed to have type II diabetes, but type I diabetes is more commonly found in
adults than was formerly believed (Zimmet, 1995). In fact, in some 60% of cases, type I
diabetes develops after the age of 20 years. Adult onset type I diabetes cases can
masquerade, and initially be misclassified as, type II diabetes because autoimmune
destruction of B-cells in adults is usually slower than in childhood onset cases (Zimmet,
1995; Lesley & Pozzilli, 1994). One problem that will continue to vex classifiers is the
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allocation of the relative degrees of genetic and environmental contributions to these
pathogenic elements (Onkamo, Vaananen, Karvonen & Tuomilehto, 1999).

2.2.1 Type I
The primary defect in IDDM is inadequate insulin secretion caused by an autoimmune
process that destroys the pancreatic B-cells (Horton, 1988). When the pancreas produces
little or no insulin the body cannot use the sugar from the blood. Cells begin to “starve”
and the blood sugar levels are constantly too high. When too much sugar accumulates in
the blood stream over long periods the arteries in the body, both large and small become
damaged leading to serious complications of diabetes. Problems associated with long
term elevation of blood glucose include microangiopathy, neuropathy (which may lead to
the impairment of the peripheral circulation), retinopathy, cardiovascular disease, renal
disease, peripheral ulceration’s, and autonomic dysfunction. Retinopathy is the medical
term for the damage to your eye. If not controlled properly, high blood sugar levels can
affect the small nerves and blood vessels, which can result in blindness. The smallest and
most fragile blood vessels are located at the back of our eyes. Damage to the back of the
eye may occur before eyesight is affected, hence the importance to have regular eye
checks at the diabetes clinic (Diabetes Federation of Ireland, 2000).

Nephropathy (kidney damage) can be caused by diabetes. In the kidney, very small blood
vessels filter (clean) the blood. If the kidneys have been affected by diabetes, then these
small vessels become damaged and they spill small amounts of albumin (protein) into the
urine. The presence of micro albumin in your urine may be an early sign of kidney
damage. Proteinuria is when the kidneys are leaking large amounts of albumin (protein)
into the urine. Vascular Disease - the blood vessels going to your heart, brain and limbs
may become blocked by fat. This can lead to heart attacks and strokes. It can happen to
anyone, but it is more common in people with diabetes. Some of the other factors, which
increase your risk of vascular disease, are; smoking, family history, high blood pressure,
high blood fats, obesity and lack of exercise. Neuropathy (nerve damage) in prevalent in
diabetic people. Nerves allow us to feel pain and they also help organs such as our heart,
bowel and bladder to work. Nerve damage may result from having high blood sugars
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levels for a long time. Patients with diabetes have an approximate threefold risk of
premature death, which is almost entirely due to macro vascular risk factors associated
with diabetes (Yudkin, 1993).

This damage can be prevented by stricter and tighter control of blood glucose levels
(DCCT, 1993). The remedy is to inject insulin so that it can be absorbed into the blood
and open up the cells for the sugar to enter. Different types of insulin preparations are
distinguished by the speed at which the injected insulin is absorbed from the
subcutaneous tissue into the blood (onset of action) and by the time it takes for all
injected insulin to be absorbed (duration of action) (Novo Nordisk, 1999). Rapid acting
insulin - this is a clear solution that has a quick onset and a short duration of action.
Rapid acting insulin reaches the blood and begins to lower blood sugar approximately a
half-hour after injection. But because nutrients in food are absorbed even more quickly
from the intestine into the bloodstream, insulin should be injected a half-hour before a
meal. Intermediate-acting insulin - this insulin is obtained by adding a substance, which
delays, or retards, the absorption of insulin. The combination of insulin and retarding
substance usually results in the formation of crystals, which give the liquid a cloudy look.
The insulin crystals must be suspended (mixed) evenly in the liquid before each injection.
Intermediate-acting insulin taken approximately 1 and half-hours before the first insulin
molecules reach the blood. The largest amount arrives between 4 and 12 hours after
injection, and after approximately 24 hours the whole dose has been absorbed. Premixed
insulin - there are ready-made mixtures of rapid acting and intermediate acting insulin.
These are available in a number of different ratios, for example the 30% rapid acting and
70% intermediate-acting combination. Some long acting insulin - have a duration of
more than 24 hours.

It is important to note that the duration and absorption times described here are only
approximate. Absorption of insulin always depends on individual factors and additionally
the size of the dose is another factor (Diabetes Federation of Ireland, 2001). When
injecting insulin, the needle should go deep enough to reach the tissue under the skin but
not so deep that you hit a muscle. It is not dangerous to inject insulin into a muscle, but if
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it happens, you should expect the insulin to reach your blood somewhat faster than usual.
One common method of injecting insulin is to lift up the skin in a broad fold and to inset
the needle at a 45° angle.

The Diabetes Control and Complications Trial (DCCT) was a ten-year study, which
involved nearly 1,500 people with Type I diabetes living in America and Canada. The
study set out to establish the relationship between HbAlc levels and risks for diabetic
complications in patients with type I and type II diabetes, respectively. The study divided
participants into two groups - the primary prevention group (those who had no signs of
eye disease) and secondary intervention group (those who had signs of eye disease).
Individuals were given either conventional treatment or intensive treatment. Conventional
treatment consisted of one or two insulin injections and monitoring of blood or urine
glucose daily. Intensive treatment involved setting blood glucose levels of 3.9-6.7 mmol/1
before meals and up top 1 Ommol/1 after meals, with three or more doses of insulin a day
and checking blood glucose four times each day. The results of the study showed
conclusively that maintaining strict blood glucose control can prevent or delay the
development of potential long term complications such as retinopathy, nephropathy and
neuropathy (Diabetes Research Group, 1990).

One of the characteristic features of metabolic control in IDDM patients is the
unpredictability from one day to the next, even when subjects are receiving the same
insulin treatment and approximately the same diet. In IDDM, blood glucose levels
fluctuate widely throughout the day and are generally unpredictable from day to day
(Pickup & Williams, 1997).

Clinical onset of symptoms is usually preceded by an asymptomatic period of months or
years during which the B-cells are progressively destroyed by a T-lymphocyte-mediated
process in genetically susceptible individuals. The evolving process of B-cell destruction
with progressive insulin loss gives rise to a broadly predictable pattern of glucose
homeostasis both before and for some time after diagnosis of diabetes (Horton, 1988).
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This condition has the same incidence for males and females (Sherrill, 1993). IDDM can
occur at any age, but especially in the young (U.S. Department of Health and Human
Services, 1988). IDDM develops in 7 to 27 persons per 100,000 per year, depending on
age. IDDM develops more frequently during puberty and after age 40. During the first 30
years of this century, the incidence of IDDM was fairly constant, but the rate has nearly
tripled during the past three decades (Krolewski, Warram, Rand & Kahn, 1987). Only
10% of people with diabetes have Type I diabetes (Diabetes Federation of Ireland, 2000).
Classical first appearance symptoms include excessive urination {polyuria), excessive
thirst (polydipsia), unsatisfied hunger (polyphagia), weight loss, cessation of growth
among the young, irritability, and drowsiness or coma. Glucose in the urine (glycosuria).
Excessive levels of ketone bodies in the blood (ketosis) are associated with uncontrolled
IDDM (Nieman, 1990). Type I cannot be cured; it is a lifelong condition.

The incidence of Type I diabetes is globally increasing by 3.0% per year (or by 2.5%,
when the incidences were weighted by the number of diabetic children included in the
individual studies). According to this estimate, the incidence of Type I diabetics will be
40% higher in 2010 than in 1998 (Onkamo et al., 1999). The aetiology and natural history
of type I (insulin dependent) diabetes mellitus are still not shown but both genetics and
environmental factors appear to contribute to the development of the disease (Dahlquist
& Mustonen, 1994; Tuomilehto-Wolf & Tuomilehto, 1991; Cudworth, Wolf, Grouch &
Festinating, 1979). The genetic factors have been shown to be important in the
susceptibility to Type I diabetics (Kyvik, Green & Beck-Nielsen, 1995; Kaprio,
Tuomilehto & Koskenvuo, 1992). Klein et al., (2001) evaluated the relative frequency of
parental history of diabetes in a population-based study of groups of individuals with
diabetes and a comparison group of individuals without diabetes. The relative risk (RR)
of diabetes in a sibling if the father had diabetes was 1.22 (95% Cl, 0.72-2.05); if the
mother had diabetes, the RR was 2.39 (95% Cl, 1.64-3.48); and, if both parents had
diabetes, the RR was 5.61 (95% Cl, 3.37-9.34). This data confirms a familial influence on
the frequency of diabetes (Klein, Klein, Moss & Cruickshanks, 2001). Erasmus et al.,
(2001) assessed the family history of diabetes in type II diabetics and found that there
was a significant maternal aggregation with 64.7% of patients having a diabetic mother
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compared with 27% who had a diabetic father (p<0.01)(Erasmus, Blanco, Arena &
Marsha, 2001).

2.2.2 Children
The most common form of diabetes in children is IDDM or type I diabetes. It is currently
estimated that there are approximately 600,000 cases in the United States (Rickabanugh,
1999). Patients with type I have severe insulinopenia and by definition, are absolutely
dependent on exogenous insulin to prevent ketoacidosis and death. These patients are
often lean and frequently have experienced recent weight loss at the time of diagnosis.
IDDM is more common in Caucasians than in non-white populations and is estimated to
account for only 5 to 10 % of all known cases of diabetes rnellitus (Horton, 1987). The
diagnosis of IDDM within children can be delayed for as long as 5 years due to the lack
of screening and identification of symptoms (Armstrong & Welsman, 2000). Most
children with IDDM do not manifest any of the long-term complications of diabetes
because of the relatively short duration of their disease and the 5 to 15 year time span
required for them to become clinically evident (Thompson, Connacher, Rewt & Newton,
1999).

2.2.3. Type II
Type II or non-insulin dependent diabetes rnellitus (NIDDM) results from an imbalance
between insulin sensitivity and insulin secretion (De Fronzo et ah, 1992). Both
longitudinal and cross sectional studies have demonstrated that the earliest detectable
abnormality in NIDDM is an impairment in the body’s ability to respond to insulin (De
Fronzo, et ah, 1992). Individuals with Type II are considered to have a relative insulin
deficiency since they may have elevated, reduced, or normal insulin levels but still
present with hyperglycemia (Diabetes Federation of Ireland, 2000). The pathophysiology
of type II diabetes remains unclear and is probably multifactorial. Exercise results in a
greater increase in plasma glucose utilization in patients with NIDDM, compared with
that in normal individuals and this increase mediates the decline in plasma glucose
concentrations in patients with NIDDM. Under isocaloric conditions, the changes in
plasma glucose utilization and plasma glucose concentrations are similar during exercise

Olive Fanning M.Sc. Health, Fitness & Leisure

18

Review of Related Literature

of varying intensities. Despite a greater utilization, carbohydrate and fat oxidation are
similar in the two groups and their relations to exercise intensity are not altered by
NIDDM (Kang, Kelley, Robertson, Goss, Suminski, Utter & Dasilva, 1999).

With insulin resistance, glucose does not readily enter the insulin sensitive tissues
(primarily muscle and adipose tissue), and blood glucose rises. The increase in blood
glucose causes the beta cells of the pancreas to secrete more insulin in an attempt to
maintain a normal glucose concentration. Unfortunately, this additional endogenous
insulin is usually ineffective in lowering blood glucose and may further contribute to
insulin resistance. In some people, the beta cells may become exhausted over time and
insulin secretion decreases. The mechanisms underlying insulin resistance remain
unclear, but probably involve defects in the binding of insulin to its receptor and in post
receptor events such as glucose transport (Albright, 1997). It should be noted that 80% of
persons with NIDDM are over-weight (Helmrich, Ragland, Leung & Paffenberger 1991).

Type II diabetes most often results from a combination of insulin resistance,
hyperinsulinemia, and pancreatic beta cell failure (Warren-Boulton et al., 1999). Insulin
resistance is associated with cardiovascular metabolic syndrome, formerly known as
Syndrome X, which also involves hyperinsulinemia, hepatic glucose overproduction,
obesity, high-density lipoprotein (HDL) type and hypertension (Reaven, 1988). In type II
diabetes insulin secretion is defective and unable to compensate for the insulin resistance,
resulting in hyperglycemia. Glucose toxicity associated with chronic hyperglycemia may
contribute to insulin resistance by inhibiting both insulin secretion and action (YkiJarvinen, 1992). Genetic factors play a major causal role in diabetes incidence, as
evidence by the strong association of type II diabetes in families (Warren-Boulton, et al.,
1999). Epidemiological research supports a role for greater total obesity, longer duration
of obesity, intra-abdominal location of body fat, and physical inactivity in the etiology of
type II diabetes (Gohdes, 1995). It has been suggested that one third of the type II
diabetes population is undiagnosed and early detection and treatment may help slow the
course of diabetes and its complications (Warren-Boulton, et al., 1999).
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In persons with NIDDM, insulin levels are too low or glucagon levels are too high.
Glucose accumulates in the bloodstream and alters the efficiency of metabolism (a
condition known as hyperglycemia or high blood sugar). The most likely causes are
insulin insensitivity or an overall reduction in the number of insulin receptor sites. With
the imbalance between hormonal regulators of fuel metabolism, insulin resistance
develops from an inability to metabolise glucose effectively. Insensitivity occurs from
mechanism of the beta cells in the pancreas rather than insulin deficiency in the cells.
Obesity is thought to play a major role (Inverson, 1996).

Stimulation of glucose metabolism by insulin requires that the hormone must first bind to
specific receptors that are present on the cell surface of all insulin target tissues. During
the process of insulin binding and internalisation, a “second messenger” is generated.
Unfortunately, the precise nature of this second messenger remains controversial at
present. Many candidates have been suggested, but as of yet, none has gained universal
acceptance. Considerable evidence suggests that at least one of the second messengers for
insulin action, tyrosine kinase, is an enzyme complex, which is an integral part of the
receptor itself (Richter, Turcotte, Hespel & Kiens, 1992). Once the second messenger for
insulin action has been generated, it initiates a series of events that promote intracellular
glucose metabolism. The initial step involves activation of the glucose transport system
with the resultant influx of glucose into insulin target tissues, primarily muscle. The free
glucose that has entered the cell subsequently is phosphorylated by hexokinase and
metabolised by a series of enzymatic steps that are under the control of insulin. Of these,
the most important are glycogen synthase (which controls glycogen synthesis) and
pyruvate dehydrogenase (which regulates glucose oxidation).

The results indicate that in diabetic subjects with moderate to severe fasting
hyperglycemia, post-binding defects in insulin action are responsible for the observed
insulin resistance. In individuals with impaired glucose tolerance or mild fasting
hyperglycemia, a modest defect in insulin binding may exist. These individuals are
usually hyperinsulinemic, and it is likely that the mild disease in insulin binding results
from a down regulation of insulin receptor number by sustained hyperinsulinemia
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In the most general sense, post binding defects in insulin action can be explained by one
of three metabolic disturbances: impaired generation of insulin’s second messenger,
diminished glucose transport into cells and a post glucose transport abnormality in some
critical enzymatic step involved in glucose utilisation (DeFronzo, et ah, 1992).

After glucose has been transported into the cell it is disposed of by one of two metabolic
pathways: glycogen formation and glycolysis. It should be remembered that the primary
inherited abnormality in NIDDM is insulin resistance moreover; the defect in insulin
action becomes maximally manifest early in the natural history of NIDDM. Thus, when
another severely insulin resistant state i.e. obesity, is superimposed on NIDDM, the
insulin resistance is only slightly greater than observed with diabetes alone or obesity
alone (Ivy, 1997; DeFronzo et ah, 1992).

Insulin resistance is the inherited defect that indicates the diabetic condition. Studies from
normal glucose tolerant first degree relatives of diabetic individuals and from the off
spring of the diabetic parents (groups at high risk to develop NIDDM), indicate that the
inherited defect in insulin action results from an abnormality in the glycogen synthetic
pathway, or perhaps in glucose transport (Gulli, Haffner, Ferrannini & De Fronzo, 1990;
Eriksson, Franssila-Kallunki, Ekstrand, Saloranta, Widen, Schalin & Groop, 1989;
Warram, Martin, Gleason & Soeldner, 1987). Because of the compensatory increase in
insulin secretion by the pancreas, initially the insulin resistance by itself is not sufficient
to diminish glucose uptake by muscle or to increase hepatic glucose production (HGP).
As the insulin resistance progress, muscle glucose uptake becomes impaired and an
excessive rise in post meal plasma glucose concentration becomes evident. However, the
hyperinsulinemia is sufficient to maintain the fasting plasma glucose concentration and
HGP within the normal range, although a longer time is required to restore
normoglycemia after each meal. Eventually, however, the insulin resistance becomes
sufficiently severe that the compensatory hyperinsulinemia is no longer adequate to
maintain the fasting plasma glucose concentration at the basal level. The development of
fasting and postprandial hyperglycaemia further stimulates B-cell secretion and the
resultant hyperinsulinemia causes a down regulation of both insulin receptor number and
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post receptor events involved in insulin action, thereby exacerbating the insulin resistance
(Saloranta, Franssila-Kallunki, Ekstrand, Taskinen & Groop,

1991; De Fronzo,

Ferrannini & Simonson, 1989).

In some individuals the persistent stimulus to the B-cell to over secrete insulin will lead
to deterioration in B-cell function. Recent studies have indicated that chronic
hyperglycemia i.e., glucose toxicity, may be responsible for the acquired defect in insulin
secretion. It is likely that those individuals in whom hyperglycemia causes a progressive
impairment in insulin secretion have an underlying genetic defect in B-cell function that
is unmasked by the persistent hyperglycemia (Porte, 1991). The onset of insulinopenia is
associated with the emergence of and/or exacerbation of post receptor defect in insulin
action. Many intracellular events (i.e., glucose transport, glycogen synthase, pyruvate
dehydrogenase) involved in glucose metabolism are dependent on the surge of insulin
that occurs 3-4 times/day in response to nutrient ingestion. If the insulin response
becomes deficient, the activity of the glucose transport system becomes severely
impaired and a number of key intracellular renzymatic become depressed. In addition, the
restraining effect of insulin on lipolysis is lost. At this juncture plasma FFA levels rise
and FFA oxidation increases. Further contributing to the defects intracellular glucose
disposal. In addition, there is compelling evidence that hyperglycemia can down regulate
the glucose transport system, as well as many other cellular events involved in insulin
action. The pathogenic sequence described above can explain all of the clinical and
laboratory features observed in NIDDM. Insofar as the cellular defect is generalised, both
hepatic and peripheral tissues (and possibly the B-cells themselves) will manifest the
insulin resistance and the numerous metabolic alterations that are characteristic of the
diabetic state could be related to one and the same primary defect. In the preceding
discussion we have emphasised the genetic basis of the insulin resistance in NIDDM
(Leahy, 1990). However, acquired factors, such as obesity and decreased physical
activity, also can contribute to the development of impaired insulin action in NIDDM
(Pierce, 1999).
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In summary, the large and seemingly disparate body of information concerning the
pathogenesis of NIDDM can be distilled down to the interaction of the two classic
defects, insulin deficiency and insulin resistance. Either defect can be primary and is
sufficient to induce hyperglycemia. On clinical and epidemiological grounds, most
evidence indicates that insulin resistance most commonly initiates the sequence of events
leading to NIDDM. As long as the pancreas sustains a sufficiently high insulin secretary
response to counter balance the insulin resistance, glucose tolerance remains normal or is
only mildly impaired. However, once the B-cell begins to fail, glucose tolerance
deteriorates rapidly and overt diabetes mellitus ensues. Thus, the development of
NIDDM requires the presence of two fundamental defects, i.e. insulin resistance and
impaired insulin secretion, which disrupt the delicate balance by which insulin target
tissue communicate with the B-cells and vice versa (DeFronzo et al., 1992).

The United Kingdom Prospecive Diabetes Study (UKPDS) showed that up to 50% of
people with type II diabetes have complications at the time of diagnosis (Me Gough,
2001). The management of type II diabetes is costly to the National Health Services.
Recent studies, like Costs of Diabetes in Europe (CODE 2) and Type II Diabetes:
Accounting for a Major Resource Demand in Society (TARDIS), confirm that
complications of the disease account for the major costs. Diabetes, which affects up to
3% of the population, consumes between 5 and 10% of total health care resources (Me
Gough, 2001).

The prevalence of diabetes is rising rapidly world wide, and certain developing nations
are currently experiencing a rise in the prevalence of type II diabetes of epidemic
proportions (Amos, Me Carty & Zimmet, 1997). This is likely to have huge socio
economic consequences in these countries due to the costs associated with the
consequences of type II diabetes (Greener, 1997). Primary prevention of type II diabetes
is therefore of particular interest to health economists. A substantial proportion of
patients with newly diagnosed type II diabetes have both micro and macro vascular
complications at the time of clinical diagnosis (UK Prospective Diabetes Study, 1990;
Nagi, Pettitt, Bennett, Klein & Knowler, 1997). It is therefore of vital importance to
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review the impact of physical activity on the macro and micro vascular complications of
diabetes. The metabolic syndrome associated with type II diabetes includes central
obesity, dyslipaemic and abnormalities of fibrinolysis and coagulation, which contributes
to an excess risk of coronary heart disease and hypertension (Reaven, 1988). In Western
populations 25-30% of non-diabetic subjects may have features of this syndrome and the
proportion is higher in those with type II diabetes. Ferrannini et al., (1991) found that up
to two-thirds of the non-diabetic population had one or more components of this
syndrome, with only one third of individuals being completely free (Ferrannini, Haffher,
Mitchell & Stem, 1991).

The prevalence of type II diabetes in developing countries is expected to increase 170%,
from 84 million in 1995 to 128 million in 2025 (WHO, 1998). Type II diabetes is usually
treated first by weight reduction and regular exercise. However, tablets may have to be
used. The two main types of tablets are 1) those which stimulate insulin secretion (the
sulphonylurea type of drug), and 2) those which improve insulin secretion (biguanides
and the thiazolidinediones). Sometimes drugs, which inhibit carbohydrate or fat
absorption, are also used. See table (figure 2.1) for oral medications prescribed in the
treatment of type II diabetes. Many patients eventually will need insulin to control their
blood sugar (Diabetes Federation of Ireland, 2001). Type II diabetes is particularly
associated with other risk factors for heart disease such as high blood pressure, high
cholesterol and high triglycerides. These factors must be assessed for at regular intervals
and treated accordingly. Heart disease accounts for over 60% of deaths in people with
type II diabetes (Warren-Boulton et al., 1999).

2.2.4 Gestational Diabetes Mellitus - GDM

The term GDM is used to describe glucose intolerance that has its onset or is first
detected during pregnancy. It occurs because of the contra-insulin effects of pregnancy
(Albright, 1997). Gestational diabetes is usually diagnosed by an oral glucose tolerance
test (OGTT). GDM occurs in about 2% of pregnant women, usually during the second to
third trimester when levels of insulin-antagonist hormones increase and insulin resistance
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normally occurs. In most cases, glucose tolerance returns to normal following parturition,
this characteristic separates it from previously undiagnosed type II diabetes that remains
following the pregnancy. Approximately 50% of the women who develop gestational
diabetes develop type II diabetes later in life (Albright, 1997).

Table 2.1 Oral Medication used in the treatment of Type II Diabetes
Agent

Action

Brand Names

Exercise Effects

Sulfonylurea

tinsulin secretion by pancreas

Glucotrol, Miconase,

Yes

Orinase,

tolinase,

diabinese, Glynase
Melformin

^Glucose production by liver

Glucophage

Yes

Traglitazone

tGlucose

Rezulin

Yes

Precose

No

uptake

by

skeletal

muscle
Acarbose

Absorption of glucose from gut

(Ruderman & Devlin, 1995)

2.2.5 Other Types of Diabetes

Finally, a variety of conditions that damage the pancreatic islets or produce severe insulin
resistance may result in the development of diabetes mellitus. These include pancreatitis,
subtotal or total pancreatectomy, hemochromatosis, exposure to pancreatic toxins, and in
rare cases the presence of anti-insulin receptor or anti-insulin antibodies. Depending on
the severity of the defect, patients with these disorders may require treatment with diet,
oral hypoglycemic agents, or insulin (Horton, 1988).

2.2.6 Incidence and Causation Factors Related to Diabetes

A trend of increasing obesity, poor physical fitness, high blood pressure (including
medication for hypertension) and high lipid values was found in conjunction with
impaired glucose tolerance and type II diabetes (Eriksson & Lindgarde, 1991). Several
factors have been hypothesized or shown to be risk factors for diabetes. These include

Olive Fanning M.Sc. Health, Fitness & Leisure

25

Review of Related Literature

age, sex, obesity, genetics, physical activity, socioeconomic status, acculturation for
Hispanic groups, and impaired glucose tolerance (Harris, 1991). Thus, obesity alone
cannot explain the different diabetes rates among five populations groups. Some factor
other than obesity must be operating to affect the rate of diabetes; more than likely, this
factor is genetics (Harris, 1991). Studies have highlighted the importance of regional
adipose tissue distribution, particularly upper body obesity, and physical inactivity in
enhancing risk of NIDDM (Zimmet, 1992). A longitudinal study in Nauru showed BMI
to be a significant predictor of NIDDM in women but it was of only marginal predictive
value in men, possibly indicating a sex difference in the pathogenesis of NIDDM
(Balkan, King, Zimmet & Raper, 1985).

There is evidence to suggest that the inexorable year on year rise in the prevalence of
obesity in developed countries is not due to an overall increase in caloric intake but is
more likely to be due to a decline in physical activity. This leads us to believe that type II
diabetes should be regarded as a deficiency state, with the deficiency being that of
physical activity (Burr & Nagi, 1999). Feskens et al., (1994) concluded that, in addition
to the effect of overweight, physical activity and a dietary pattern characterised by a high
intake of saturated fat and a low intake of dietary fibre modulate hyperinsulinemia and
insulin resistance (Feskens, Leober & Kromhout, 1994; Me Gough, 2001). Increased
Body Mass Index (BMI) was a strong determinant of risk of NIDDM (138 cases of
NIDDM in the highest quartile compared with 32 cases in the lowest quartile of
BMI)(Manson, Nathan, Krolewski, Stampfer, Willett & Hennekens, 1992). Type II
diabetes mellitus and insulin resistance are associated with centrally distributed obesity.
When measured appropriately waist-hip ratio is the most valid anthropometric index for
identifying individuals whose obesity predisposes them to glucose intolerance.
Additionally they suggest that glucose intolerance is specifically associated with high
ratio’s of intra abdominal to extra-abdominal fat, rather than with total fat mass (Me
Keigue, Pierpoint, Ferrie & Marmot, 1992). The Irish Nutrition Universities Alliance has
recently published a report which shows that obesity is on the increase in Ireland and that
one in every five men and one in every six women are obese. Obesity is a risk factor for
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type II diabetes, which means that if the obesity problem is not tackled here in Ireland,
the incidence of diabetes may increase (Jenkins, 2001).

The incidence of type II diabetes mellitus (formerly non-insulin dependent diabetes
mellitus) can be reduced by as much as 58% through individualised intervention
programme that encourage lifestyle modifications such as dietary changes and regular
moderate exercise among patients at high risk for the disease (Neff, 2000). The
cumulative incidence of diabetes after 4 years of the study was 22 % (57 patients) in the
control group and 10% (26 patients) in the intervention group (Neff, 2000).

After a mean follow up period of 12.8 years there was 194 new cases of type II diabetes
in the 7,577 men, an incidence of 2.15 per 1,000 person years of follow up. Men who
developed diabetes had significantly higher mean blood glucose concentrations at
screening than those who remained free of diabetes. Current smoking was associated with
a 50% increase in the risk of diabetes relative to those who had never smoked, adjusted
for age and body mass index (Perry, Wannamethee, Walker, Thomson, Whincup &
Shaper, 1995).

Results from the Finnish Diabetes Prevention Study, provides the strongest evidence so
far that diet and exercise can prevent the development of type II diabetes (Tuomilehto,
2001). Weight reduction, reduction of total and saturated fat (to 30% and 10% of total
energy respectively) and increased fiber (15g per lOOOkcal) and physical activity
(endurance and resistance) reduced the risk of type II diabetes after four years by 58% in
middle aged obese subjects with impaired glucose tolerance.

Another study, the Diabetes Prevention Programme (DPP, 2001). It looked at whether
diet and exercise or treatment with metformin could prevent the onset of type II diabetes.
It was carried out in 27 centres throughout the US in over 3,000 people with impaired
glucose tolerance, and in diverse population groups such as minority ethnic groups,
people 60 and over, women with a history of gestational diabetes and people with a close
relative with type II diabetes. The results showed that amongst those who reduced their
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fat intake, did an average of 30 minutes of moderately active exercise per day (150
minutes per week) and lost 5-7% of their body weight, the risk of developing type 11
diabetes was reduced by 58%. This compared with a reduction of 31% in those who took
metformin. It is difficult to say whether these interventions can delay the development of
type II diabetes in the long term, as the study only lasted 3 years. The volunteers involved
in the DPP are to be followed to find out how long the interventions are effective.

Prospective studies of physical activity and incidence of NIDDM have been reported
which support a protective effect of exercise (Helmrich et al., 1991; Manson, Rimm &
Stampfer, 1991). The risk of diabetes progressively decreased with increasing levels of
physical activity up to moderate activity relative to the inactive group (PeiTy, et al.,
1995). Men who exercised at least once per week had an age adjusted relative risk (RR)
of NIDDM of 0.64 compared with those who exercised less frequently. The age adjusted
RR of NIDDM decreased with increasing frequency of exercise. The inverse relation of
exercise to risk of NIDDM as particularly pronounced among overweight men (Manson
et al., 1992).

Results from these studies indicated the presence of a dose response effect of physical
activity in the prevention of type II diabetes mellitus. In that the influence of physical
activity on the treatment and prevention of type II diabetes mellitus was highlighted.
After adjusting for age and BMI, a clear dose-response effect persisted for physical
activity and a reduced relative risk for the development of diabetes. Of note, there was
also a decrease risk of hyperinsulinemia and hyperlipidemia, and that these markers of
the insulin resistance syndrome were also influenced by physical activity in a dose
response manner (Kelley & Goodpaster, 2001).

The Da Qing study (1990) conducted in China is considered to be the first randomized
controlled trial to examine the effects of increased physical activity in the prevention of
diabetes. Among 557 men with impaired glucose tolerance (IGT), exercise and diet,
either alone in combination, decreased the rate of conversion from IGT to diabetes.
Indeed, after adjusting for baseline BMI and fasting glucose exercise decreased the risk
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for developing diabetes by 46%. Unfortunately, no attempt was made in this study to
assess the possible dose response effects of increased physical activity on the prevention
of diabetes. However, this important study provides the first direct evidence that an
increase in physical activity decrease the risk of development of diabetes (Pan, Li, & Hu,
1997).

Persons with recently reported NIDDM reported significantly lower levels of physical
activity than control subjects. High levels of physical activity are associated with lower
incidences of NIDDM and this relationship may be stronger in Hispanic subjects (FultonKehoe, Hamman, Baxter & Marshall, 2001). A report for the US Preventive Services
Task Force published in 1989 cited inadequate evidence for the recommendation of
physical activity for the primary prevention of NIDDM (Harris, Caspersen, DeFriese &
Estes, 1989). The accumulating evidence since then from a number of prospective studies
(Manson et al., 1992; Manson, Rimm & Stampfer, 1991; Helmrich et al., 1991), a case
control study in Pima Indians (Kriska & Bennett, 1992), and a current case control study
suggest that physical activity may well play a role in the prevention of NIDDM (FultonKehoe, Hamman, Baxter & Marshall, 2001). The recommendations in the 2"^^ edition of
the “Guide to Clinical Preventive Services” published in 1996 reflect this growing
evidence (U.S. Preventive Services Task Force, 1996). An intervention study (The
Diabetes Prevention Programme (2001), sponsored by NIH) in high-risk subjects with
impaired glucose tolerance is now underway to determine the amount and type of
physical activity that may prevent NIDDM (Fulton-Kehoe, et al., 2001).

The (UKPDS) found that by keeping blood pressure under 140/80 one could reduce the
risk of diabetes complications (such as heart attack and stroke) by up to 30 per cent. To
do this, however, often means taking a variety of blood pressure tablets (U.K.P.D.S.
Group, 1998).

The ultimate goal of primary prevention of diabetes, particularly NIDDM, rests with a
better understanding of the mechanisms causing glucose intolerance and the associated
risk factors for cardio-vascular disease (Zimmet, 1992).
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2.3 Physiology

Knowledge of the physiology of exercise in healthy subjects and in individuals with
diabetes mellitus has made it possible to give the diabetic patient practical advice
concerning the clinical implications of exercise (Wallberg-Henriksson, 1992), During
exercise, numerous cardiovascular hormonal and neural responses occur in a highly
integrated fashion to ensure the delivery of oxygen and metabolic fuels to working
muscle groups, and to remove metabolic end products. Increased oxygen delivery and
carbon dioxide removal from the tissues are accomplished by increased respiration and
cardiac output, redistribution of blood flow, and increased capillary perfusion of working
muscles. Metabolic fuels are made available by a more complex system that involves
breakdown of glycogen and triglyceride stores within muscle itself and increased delivery
of substrates via the blood. Glucose and fatty acids, the major metabolic fuels for muscle,
are released into the circulation from the liver and adipose tissue, respectively, and amino
acids are made available by increased release from muscle (Horton, 1987). Acute
exercise enhances fuel utilisation, necessitating several metabolic changes in order to
ensure adequate substrate availability to both the exercising muscle and the non
exercising tissues. Regular exercise leads to further metabolic adaptations that may also
influence the resting state (Pickup & Williams, 1997).

2.3.1

Energy Systems

The major energy yielding substrates for the resting and working muscle are glucose and
free fatty acids (FFA), with amino acids and ketone bodies playing a minor role. The
basic muscle fuel is termed Adenosine Triphosphate (ATP). To produce ATP, the body
has three energy systems; the Creatine Phosphate (CP) system, the aerobic system and the
anaerobic system. At no time does the body switch quickly from one system to another.
The three energy systems supply energy together all the time, but in different proportions.

When exercise begins the demand for ATP and the oxygen required to produce it
increases immediately. The active tissue also begins to produce large amounts of waste
products such as carbon dioxide and other substances. These changes in the active tissues
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lead to an increase in blood flow in order to increase the oxygen supply and remove
waste products. At the initiation of movement the stored phosphates, ATP and CP,
provide immediate and non-aerobic energy for muscle contraction. After the first few
seconds of movement, an increasingly greater proportion of energy is generated by the
glycolytic energy system. Fro exercise to continue a greater demand is then placed on the
aerobic metabolic pathways for purposes of ATP resynthesis. After CP becomes depleted
lactic acid is produced at a rate, which is dependent on the level of activity. As the
exercise continues the amount of lactic acid produced decreases and the lactic acid
produced at the onset of exercise may be broken down and used as a source of energy.
After about 2 minutes into exercise aerobic metabolism begins to accelerate and within
10 minutes half the energy produced is produced by aerobic metabolism. Figure 2.1
shows the 3 energy systems and their relative contribution to total energy output (Burr &
Nagi, 1999; Pierce, 1999; Me Ardle, Katch & Katch, 1994, Wilmore & Costill, 1994).

Figure 2.1 The 3 energy systems and their % contribution to total energy output

Me Ardle, Katch & Katch, 1994
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2.3.2

Regulation of Metabolism in Healthy Subjects- Rest

In the resting post absorptive state, the blood glucose concentration is maintained at a
constant level by a closely matched balance between glucose utilisation and hepatic
glucose production (Horton, 1987). Approximately 50% of glucose turnover is accounted
for by uptake in the brain, where glucose is the major (usually the only) metabolic
substrate utilised. Between 30 to 35% is taken up by other tissues including blood cells,
kidneys, and splanchic bed, while only 15-20% is used by muscles (Hasson, 1994).
Hepatic glucose production is maintained by a combination of breakdown of hepatic
glycogen stores glycogenolysis, and the formation of new glucose by gluconeogensis
(McCardle, Katch & Katch, 1994). In nonnal subjects in the post prandial state, hepatic
glucose production stems predominantly from glycogenolysis, whereas in diabetes
gluconeogensis is much higher and may account for as much as 40% of hepatic glucose
production (Wasserman & Zinman, 1995). The major gluconeogenic precursors (lactate,
pyruvate, alanine & glycerol) are derived from glycolysis and oxidation of amino acids in
muscle and other peripheral tissues, and from lipolysis in adipose tissue. Free fatty acids
are also released by lipolysis and provide a major substrate for energy production
(Horton, 1987). At rest, approximately 10% of the energy generated in skeletal muscle
comes from glucose oxidation; 85-90% comes from the oxidation of fatty acids; and only
1-2% is from amino acids (Ahlborg, Felig, Hagenfeldt, Hendler & Wahren, 1974).
Alcohol is a powerful inhibitor of gluconeogenesis, and its effects can persist 20 hours
after consumption (White & Sherman, 1999).

Lactate production in skeletal muscle serves two important purposes. The first is to
supply ATP by glycolysis when the work rate creates ATP demands in excess of the
capacity to generate ATP in the mitochondria by aerobic mechanisms. This could occur
early in sub-maximal exercise bouts before blood flow and oxygen supply increase to
meet the demands of the working muscle or at high work rates. A second purpose of
lactate production becomes important during prolonged sub-maximal exercise or during
sub-maximal exercise in the fasted state. After liver glycogen is depleted, glucose must
be produced by hepatic gluconeogensis from precursor molecules such as lactate.
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pyruvate, and glycerol derived for peripheral tissues. In skeletal muscle, only fibres
containing glycogen can serve as net contributors of lactate for this purpose, although
glucose taken up from the blood can be recycled into lactate after prolonged exercise
(Wasserman, Lacy, Bracy & William’s, 1992).

The less active muscle fibres would therefore be those most likely to be the reservoirs of
glycogen from which lactate can be derived for gluconeogenic substrate during prolonged
exercise or during exercise in the fasted condition (Duan & Winder, 1994). Duan &
Winder, (1994) hypothesize that much of the training induced reduction in blood lactate
during exercise in these fasted rats was due principally to the reduction in glycogenolysis
in the less active muscle groups, where glycogenolysis is controlled by epinephrine.

2.3.3

Acute Exercise - Fuel Metabolism

During the first 5-10 min of exercise, muscle glycogen is the main source of energy. As
exercise continues, the blood borne substrates, glucose and non-esterified fatty (NEFA),
becomes increasingly important. Glucose uptake by the exercising leg increases
progressively up to 20-fold above resting levels during intensive exercise. If exercise of
moderate intensity continues for several hours, the contribution of glucose diminishes and
NEFA becomes the major fuel (Ahlborg, Felig, Hagenfeldt, Hendler, & Wahren, 1974).

During the first hour of exercise, blood glucose levels remain virtually unchanged,
because hepatic glucose production rises to meet the needs of the exercising muscle, with
strenuous exercise, hepatic glucose production may even exceed the rate of glucose
utilisation, when blood glucose increases. About 75% of hepatic glucose output is derived
from glycogenolysis and the rest is formed from gluconeogensis. If exercise lasts for
several hours, hepatic glucose production can no longer keep pace with increased
utilisation and the blood glucose levels begins to decline. In healthy humans,
hypoglycemia may ensue after 2-3 hr of continuous exercise without caloric intake
(Felig, Cherif, Minagawa & Wahren 1982). If exercise is preceded by a large sugar load
causing hyperinsulinaemia when exercise begins, hypoglycemia may develop within 30
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min of exercise at 70% of MHR (Koivisto, Karonen & Nikkila, 1981). Birth control pills
inhibit insulin action and thus indirectly raise blood glucose (Sherrill, 1993).

Exercise induced stimulation of glucose uptake may involve several factors. Firstly,
increased blood flow enhances insulin delivery to muscle and opens up previously nonperfused capillaries, thus increasing both the effect of insulin and the surface area for
glucose transport. Secondly, muscle contraction can stimulate glucose transport, possibly
through translocation of glucose transporters from an intercellular pool into cell
membrane. Exercise and insulin have addictive effects on muscular glucose transport,
perhaps indicating two separate glucose transport system; one insulin dependent and the
other contraction dependent (Wallberg-Henriksson, 1986). Thirdly, exercise increases
insulin binding to blood cells (Koivisto, Soman, Conard, Hendler, Nadel & Felig, 1979),
although not necessarily to muscle (Bonen, Tan, Clune & Kirby, 1985). Thus, changes in
insulin binding may play a major role, since glucose uptake is augmented by exercise
even in the absence of insulin (Ivy, 1997).

2.3.4

Hormonal Response

Many endocrine changes occur during exercise (see table below - Table 2.2). These
depend primarily on the intensity and duration of muscular work and serve to regulate
fuel metabolism, cardiovascular changes and body temperature as well as fluid and
electrolyte homeostasis (Pickup & Williams, 1997). The hormonal response to exercise is
a complex, highly integrated system that involves activation of the sympathetic nervous
system and the hypothalamic pituitary axis, as well as the suppression or release of a
large number of hormones that regulate the mobilisation and /or metabolism of glucose,
FFA, and amino acids, as well as fluid and electrolyte balance (Horton, 1987).

Glucose is a simple sugar that, through carbohydrate metabolism, is converted either to
(a) cellular energy, (b) glycogen, or (c) fat. Desired concentration of glucose in the blood
is 80-120mg/dl (milligrams per decilitre). The glucose level rises slightly after meals and
falls, as the stomach becomes empty. The level also falls during aerobic exercise, which
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enhances cellular glucose intake. Glycogen is a converted form of glucose that is stored
in the liver and muscle cells. When blood glucose is high, it is converted into glycogen.
When blood glucose is low, glycogen is changed back to glucose.

The major physiological effects of sympathetic nervous system activation during exercise
are to increase heart rate and cause vasoconstriction in the vascular beds supplying the
splanchic circulation, kidneys, and non-exercising muscle. This results in redistribution
of blood flow away from these areas and increased low to exercising muscle groups. The
largest energy stores of the body are in the liver and adipose tissue. The liver contains
glycogen, which can be broken down to glucose, and adipose tissue contains
triglycerides, v/hich can be released to the blood as free fatty acids (FFA) and glycerol.

These processes are regulated by the autonomic neuroendocrine system (Galbo, 1983 &
1986). Both are inhibited by insulin and stimulated by sympathetic nervous activity and
several hormones. These hormones are called the counter-regulatory hormones because
they act in the opposite direction of insulin. Epinephrine and glucagon are the most
important for acute glucoregulation. The various tissues, including muscle, can take up
glucose and FFA from the blood and use them as fuel. Glucose uptake is markedly
enhanced by insulin and inhibited by counter-regulatory hormones. If the FFA levels in
blood become too high it results in glucose uptake being inhibited. High blood FFA
levels also imply that some FFA in the liver are spilt into ketone bodies, which are acids
of lower molecular weight (Galbo, 1988). During exercise the energy demands increases
in working muscles. This demand is met by the breakdown of intra-muscular glycogen
and triglyceride stores, as well as by an increased supply of glucose and FFA in the
blood. The mobilisation of these fuels from extra-muscular stores is enhanced by
increased sympathetic nervous activity and the secretion of counter regulatory hormones
and by diminished insulin secretion. Normally, the increases in counter-regulatory
hormones and the decrease in insulin are precisely tuned, as is apparent from the fact that
the increase in hepatic glucose production matches the increase in muscular glucose
uptake so well that the plasma glucose concentration is nearly constant even during
prolonged exercise (Kemmer, Tacken & Berger, 1987; Galbo, 1983). Norephrinephrine
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and epinephrine also play major roles in the regulation of metabolic fuel mobilisation and
utilisation, both by direct and indirect mechanisms (Clutter, Rizza, Gerich, & Cryer,
1988).

Insulin plays a key role in the regulation of metabolic fuel delivery and utilisation during
exercise. Its secretion is suppressed during physical activity in responses to alphaadrenergic inhibitory effects on the pancreatic beta cells. In addition, increased blood
flow to working muscles results in increased insulin delivery to these tissues. The falling
insulin concentration in plasma has major effects on glucose lipid, and amino acid
metabolism, making these fuels more readily available for energy production. Insulin is
the major inhibitor of hepatic glucose production; the fall in plasma insulin during
exercise, coupled with no change or a rise in plasma glucagon, results in increased
hepatic glucose output. This is closely correlated with peripheral glucose utilisation and
maintenance of blood glucose concentration within a normal range. In addition, the
falling insulin concentration decreases the inhibitory effects on lipolysis in adipose tissue
and the release of amino acids from muscle. Since little or no insulin is needed for
glucose uptake in exercising muscle (Richter, Ploug & Glabo, 1985), the falling plasma
insulin concentrations do not impair glucose utilisation during exercise. A higher Cpeptide level implies higher insulin secretion because C-Peptide and insulin are secreted
in equimolar amounts (Regensteiner, Mayer, Shetterly, Heckel, Haskell, Marshall, Baxter
& Hamman, 1991).

Glucagon secretion increases during exercise, primarily in response to falling glucose
concentrations. Glucagon responses are minimal during mild to moderate intensity
exercise;

however, with very high

intensity or prolonged exercise, glucagon

concentration increases and plays a role in maintaining glucose homeostasis. Glucagon
responses are greater in untrained than in trained individuals. The major role of glucagon
is to increase uptake of amino acids in the liver and to stimulate gluconeogensis.
Glucagon also has glycogenolytic activity in the liver and along, with epinephrine, is the
major glucose counter-regulatory hormone during exercise (Waserman, Lickley &
Vranic, 1984).
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During physical activity, growth hormone and cortisol concentrations also increase and
are important in maintaining glucose levels during prolonged exercise. Cortisol and
growth hormone antagonise insulin action in peripheral tissues and may serve to limit
glucose utilisation in non-exercising, insulin sensitive tissues, making more glucose
available to working muscle. Several other hormones also increase during physical
activity, although much less is known about their physiological roles or their relevance to
metabolic during exercise in diabetes mellitus (Horton, 1987).

Table 2.2 Hormonal responses to acute and prolonged exercise
Hormone

Acute

Prolonged

Response

Response

Insulin

i

Glucagon

T

Catecholamines

t
t

Growth Hormone

Tt
T

Adrenocorticotrophic hormone
Cortisol

<->

Luteinizing hormone and follicle stimulating hormone

t
-o

Testosterone
Prolactin

•O’

T

Thyroid-stimulating hormone

•o

t

Renin-angiotensin system

t

T

<-> - No change; t, tt, moderate, marked increase;

i, decrease

(Pickup & Williams, 1997)

2.3.5

After exercise

At the end of exercise the body in essence enters a fasted state in which glycogen stores
in muscle and liver are low and hepatic glucose production is accelerated. This will
depend on the post exercise carbohydrate feeding strategy and the duration and intensity
of the exercise. The counter-regulatory hormone levels may remain elevated for some
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considerable time and there is a concomitant hyperglycemic and hyperinsulinaemic
response. Glycogen resynthesis in the muscle occurs at first largely as a result of
increased GLUT4 transport and insulin sensitivity and without the need for insulin. At a
variable time point later, as homeostasis is reached and glycogen, glucose and hormone
levels return to normal, insulin may be required to produce additional glucose uptake and
glycogen resynthesis in muscle and liver. In the insulin deficient or resistant state, storage
of glucose may therefore be impaired within muscle because of incomplete transport and
decreased glycogen synthase activity (Pierce, 1999)

Table 2.3 Hormones with Glucose Raising Effects during Exercise
Hormone

Source

Main actions during exercise

Glucagon

Pancreas

Stimulation of liver glycogen breakdown and
new glucose production from precursors to
increase glucose output; large effect of changes
in the insulin to glucagon ratio

Epinephrine

Adrenal Medulla

Stimulation of muscle and, to a lesser extent,
liver, glycogen breakdown, and mobilization of
free fatty acids from adipose (fat- tissues)

Norepinephrine

Adrenal medulla,

Stimulation of liver to produce new glucose

sympathetic nerve

from

endings

control of glucose during intense exercise along

available

precursors

(feed-forward)

with epinephrine
Growth Hormone

Anterior pituitary

Direct stimulation of fat metabolism (release of
free fatty acids from adipose) and indirect
suppression of glucose use; stimulation of
amino acid storage

Cortisol

Adrenal Cortex

Mobilization of amino acids and glycerol as
precursors for glucose production by the liver
and release of free fatty acids for muscle use in
lieu of glucose

(Ebeling, Bourey & Koranyi, 1993)
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Training improves oxygen delivery by increasing stroke volume (the amount of blood
pumped with each heartbeat). This, in turn, increases maximum cardiac output without
major changes in maximum heart rate, which remains unchanged or may even decrease.
Training also increases the absolute amount of haemoglobin in the blood (but not the
concentration). Therefore it is not unusual for athletes to have haemoglobin
concentrations at the lower end of the normal range (Brotherhood, Brozovic & Pugh,
1975). The apparent reduction in haemoglobin concentration with training is a
consequence of a relatively greater increase in plasma volume than haemoglobin content
(Eichner, 1986). Training also increases the capillary density around individual’s muscle
fibres, and so the delivery of oxygen to muscle becomes more efficient (Burr & Nagi,
1999). An increase in the mitochondrial density in muscle enables greater oxygen
extraction during exercise, and increases the endurance capacity of an individual during
sub-maximal exercise, without producing changes in maximum oxygen uptake. A
contributory factor to the improved exercise tolerance may be an increased capacity of
trained muscle to extract oxygen from blood, which allows a decreased skeletal muscle
blood flow during sub-maximal exercise (Delp, 1998). This cardiovascular response to
exercise, along with an increase in the aerobic metabolism of fatty acids for energy
provision, and hence reduction in the foimation of lactic acid, explains the improvements
in exercise capacity after training. A pre-exercise meal containing low glycemic index
carbohydrates may be of considerable advantage to sportsmen and women who have
diabetes, because these foods lead to very little change in circulating glucose and insulin
during the hours leading up to exercise (Ruderman & Devlin, 1995).

2.3.6

Metabolic and Hormonal Effects of Exercise in Diabetes

It is evident that the physically active diabetic, like the sedentary one, balance between
hyper- and hypoglycemia (Zinman & Vranic, 1985). However, exercise accelerates the
rate at which both of these unpleasant alternatives develop (Galbo, 1988). The changes in
metabolism which take place in type I diabetics in response to exercise usually reflect
either too much or too little insulin in plasma (Galbo, 1988).
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2. 3. 7 Type I Diabetes
While the insulin concentration in the plasma of healthy people is automatically adjusted
to any workload, this adjustment does not take place in type I diabetics (Galbo, 1988).
Ambient insulin concentrations are vital in normal glucose homeostasis both during
exercise and in recovery. In type I diabetes the normal mechanisms are lost and must be
approximated using exogenous insulin, with consequent problems of excessive or
insufficient insulin administration (Pierce, 1999).

Although the fall in insulin is essential for the metabolic response to exercise in non
diabetic subjects (Hirsch, Marker, Smith, Spina, Parvin, Holloszy & Cryer, 1991;
Wasserman, Lacy, Goldstein, Williams & Cherrington, 1989), this may not be uniformly
true for individuals with IDDM receiving a peripheral infusion. In studies conducted in
post absorptive IDDM patients exercising during a constant basal infusion, glucose levels
have been shown both to remain constant (Zinman, Murray, Vranic, Albisser, Leibel,
McClean & Marliss, 1977) and to fall (Simonson, Koivisto, Sherwin, Ferrannini, Hendler
& DeFronozo, 1984). A reduction in premeal insulin dose may be more important for
exercise conducted in the postprandial state (Nelson, Poussier, Marliss, Albisser &
Zinman, 1982).

The exercise induced increase in insulin action may lead to a relative over-insulinization
in IDDM patients if a compensatory decrease in insulin action dosage is not made. Since
the exercise induced increase in insulin action can persist for many hours after exercise
(Garetto, Richter, Goodman & Ruderman, 1984; Bogardus, Thuillez, Ravnussin,
Vasquez, Narimiga & Azhar, 1983), IDDM patients who have not made appropriate
adjustments in their insulin dosage risk becoming hypoglycemic long after the cessation
of exercise.

The metabolic and hormonal response to exercise in IDDM patients is determined by
several factors, such as the intensity and duration of the exercise, the patient’s level of
metabolic control, the type and dose of insulin injected before and the timing of the
previous insulin injection and meal relative to the exercise. Accordingly, blood glucose
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concentrations can decline (the most common response, increase or main unchanged)
(Pickup & Williams, 1997).

In diabetes mellitus the complex balance between glucose delivery and utilisation during
exercise breaks down. In addition poorly controlled diabetic patients demonstrate
exaggerated counter-regulatory hormone response, which act to further augment hepatic
glucose production (Schwartz, 1990).

The high circulating level of insulin acts as a powerful inhibitor of the three processes of
energy production (Greenhalgh, 1990), which are: 1) Growth hormone and cortisol
release; 2) The conversion of the fatty acid glycerol to glucose and 3) Glucagon
production.

During exercise of moderate intensity, insulin and glucagon are the main regulators of
hepatic glucose production. A low level of plasma insulin is required to allow hepatic
glycogenolyiss, and an increase in glucagon concentration is necessary for both
glycogenolysis and gluconeogensis (Wassermann et al., 1989). The glucagon/insulin ratio
correlates better with hepatic glucose production than insulin or glucagon levels alone. It
seems that a decrease in insulin level enhances hepatic sensitivity to the action of
glucagon. Without the presence of glucagon, however, the decrease in insulin
concentration alone does not stimulate hepatic glycogenolysis (Wasserman & Zinman,
1995).

A high plasma insulin level implies risk of hypoglycemia because the normal increase in
hepatic glucose production is inhibited and insulin stimulates muscular glucose uptake
both directly and by an inhibition of FFA release for triglyceride stores and, in turn, of fat
combustion (Wallberg-Henriksson, 1992; Zander, Bruns, Wulfert, Besch, Lubs, Chlup &
Schultz, 1983). If, then, type I diabetics reduce their dose of insulin, they risk getting too
little insulin in plasma (Zander et al., 1983). In this event, hepatic glucose production and
the release of FFA from adipose tissue increase more than normally, while muscular
glucose uptake is inhibited. The high plasma FFA level and an increased hepatic
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fractional extraction and conversion to ketone bodies of FFA result in an increased
production of ketone acids and increased muscular fat oxidation (Wahren, Sato, Ostman,
Hagenfeldt & Felig, 1984). In patients who are insulin deficient prior to exercise,
increased fat oxidation during work also reflects increased stores and a depletion of
muscular triglyceride (Bjorkman, 1986). In such patients the muscular glycogen
concentration and exercise induced glycogen depletion are reduced in comparison to
those of healthy subjects (Standi, Lotz, Dexel Jamka & Kolb, 1980). But lactate
accumulation is enhanced as a consequence of incomplete carbohydrate oxidation due to
increased fat oxidation and diminished pyruvate dehydrogenase activity (Bjorkman,
1986). Furthermore, an increased production of lactic acid, glycerol, and glycogenic
amino acids results in higher hepatic gluconeogensis during exercise than in control
subjects (Bjorkman, 1986). Taken together, in insulin deficient exercising individuals, the
plasma glucose concentration increase and acid accumulates - and the diabetic state
deteriorates (Zander et al., 1983).

Whereas changes in blood glucose are very small in normal subjects during exercise,
several factors may complicate glucose regulation during and after exercise in type I
diabetic patients (Horton, 1988). Excess insulin prevents normal hepatic glucose
production and mobilisation of non-esterified fatty acids (NEFA). In addition, whole
body glucose disposal increases through facilitated muscle glucose uptake with the
subsequent risk of exercise-induced hypoglycemia (Wasserman & Abumrad, 1989),
exacerbated in turn if inappropriately injected into exercising muscle (Frid, Ostman &
Linde, 1990). The uptake of glucose into skeletal muscle can occur independently of
insulin, but, because of the increase in insulin sensitivity after exercise and reduced liver
and glycogen stores, glucose production cannot meet the excessive uptake, and thus
hyperinsulinisation will also increase the risk of post exercise hypoglycemia (Pierce,
1999).

Insulin taking patients generally cannot decrease the availability of insulin during
exercise. The resultant higher concentrations of insulin may offset the increase in
counter-regulatory hormones which results and prevent accelerated release of glucose by
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the liver while continuing to promote increased uptake of glucose by muscle; in this
situation, a potential exists for rapidly decreasing plasma concentrations of glucose and
an insulin reaction.

Despite the independent glucose uptake that occurs in skeletal muscle with exercise, a
relative deficiency in the insulin dosage can result in hyperglycemia, hyperlipidaemia,
and possible ketosis. This can eventually lead to ketoacidosis and coma. Once exercise
commences, this condition will deteriorate, with a further increase in the production of
counter-regulatory hormones, especially glucagon and adrenaline, producing elevated
hepatic glucose production and impaired muscle glucose uptake and therefore further
rises in blood glucose. Ketosis may also increase as lipolysis will be more pronounced
(Wasserman & Zinman, 1995; Schneider, Vitug & Ananthakrishnan, 1991). This
exaggerated

hyperglycemia

and

ketosis

occurs

despite

rising

blood

glucose

concentrations and appears to be correlated with the initial ketotic state of the person
(Gordon, 1993). Berger, Assal & Jorgens in 1980, showed the importance of the pre
exercise state, increases in pre-exercise values above normal blood levels of nonestereified fatty acids (1173pmol/l), glucose (18 mmol/1), ketone bodies (2.13 mmol/1),
and branched chain amino acids (0 74 mmol/1) proved critical before three hours of
cycling at 30-40% VO2 max- Exaggerated glucagon and cortisol levels were observed
which in turn promoted hyperglycemia and ketosis. Conversely exercise below these
starting concentrations allowed an appropriate fall in blood glucose during the exercise
period (Berger et al., 1980). However, these starting values are variable between subjects,
and some trail and error may be required to establish them, which equally applies to
intense exercise of shorter duration. Interestingly lactate production also appears to be
higher in type I diabetes, which is possibly related to the increased production of counterregulatory hormones (Colberg, 2001).

Factors determining the glycemic response to acute exercise in IDDM patients
Blood glucose decreases if:
•

Hyperinsulinaemia exist during exercise

•

Exercise is prolonged (30-60 min) or intensive
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•

Less than 3 hr have elapsed since the preceding meal

•

No extra snacks are taken before or during the exercise

Blood glucose generally remains unchanged if:
•

Exercise is brief

•

Plasma insulin concentration is normal

•

Appropriate snacks are taken before and during exercise

Blood glucose increases if:
•

Hypoinsulinaemia exits during exercise

•

Exercise is strenuous

•

Excessive carbohydrate is taken before or during exercise

(Pickup & Williams, 1997)

Whereas changes in blood glucose are very small in normal subjects during exercise,
several factors may complicate glucose regulation during and after exercise in type I
diabetic patients. Shortly after the introduction of insulin, Lawrence (1926) demonstrated
that exercise potentates the hypoglycemic effect of injected insulin, and it was soon
discovered that regular physical activity leads to decreased insulin requirements and an
increased risk of hypoglycemia reactions in type I diabetic patients. The blood glucose
lowering effects of exercise led Joslin (1959) and others to advocate physical exercise as
an important tool for improving blood glucose control in type 1 diabetic patients and for
many years regular physical exercise has been considered, along with diet and insulin, a
key part of the triad of good diabetic management (Horton, 1988).

Insulin and exercise independently increase glucose metabolism in muscle (Koval,
Maezono, Patti, Pendergrass, DeFronzo & Mandarine, 1999). Like insulin, exercise also
increased the rate of glucose disposal and glycogen synthase activity, but it did so
without exerting an effect on the insulin receptor signalling events measured in the study
by Koval et al., 1999. It is noteworthy that, although the insulin stimulated increase in
glucose disposal was approximately twice as great as that caused by exercise, exercise
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increased glycogen synthase activity to a greater degree than did insulin. This suggests
that in the immediate post exercise period (muscle samples were obtained within five
minutes of stopping exercise), there is likely to be a shift in the intracellular partitioning
of glucose metabolism compared to that which occurs during insulin infusion, with a
greater proportion of glucose uptake being stored as glycogen. This speculation is
consistent with previously published results that demonstrate a rapid repletion of muscle
glycogen after exercise (Koval et al., 1999; Ivy, Katz, Cutler, Sherman & Coyle, 1988;
Bloom, et al., 1986). Results from Koval et al., (1999) indicate that even moderate
exercise produces profound effects on muscle glucose metabolism and glycogen
syntheses activity without altering the insulin-signalling cascade.

Glycemic control in individuals with type I diabetes can be challenging for medical care
givers because of the complexities of regulating blood sugar with the added, and often
unpredictable, variable of exercise (Colberg & Swain, 2000). Some patients with type I
diabetes may not have improved glycemic control with regular exercise training if
changes in their diet and insulin dosage do not appropriately match exercise requirements
(Burr & Nagi, 1999; Ebeling, Tuominen, & Bourey, 1995).

2.3.8

Type II diabetes

Many of the extreme changes in metabolism seen in type I diabetes are blunted for
individuals with Type II diabetes. Instead hyperinsulinism and hyperglycemia are present
concurrently because of the preservation of pancreatic B-cell function and hepatic and
skeletal muscle insulin resistance, with hypoglycemia therefore relatively uncommon.
The initial presentation of type II diabetes is as insulin resistance, an impaired response to
endogenous insulin, and therefore impaired glucose tolerance. As with type I diabetes,
exercise produces increased glucose uptake in skeletal muscle. Unlike in type I diabetes,
however, those with type II diabetes are able to produce significant decrease in ambient
blood glucose and insulin concentrations without increasing the risk of hypoglycemia.
This is due in part to reduced hepatic glucose production but mainly to increased muscle
glucose uptake through increased delivery, oxidation, and storage of carbohydrates. In
type II diabetes, this increased uptake appears to bypass the normal regulation at rest and
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promotes increased glucose uptake for up to several hours with a concomitant fall in
glycemia (Minuk, Vranic, Marliss, Hanna, Albisser & Zinman, 1981). A single exercise
bout has been shown to increase insulin sensitivity in liver and muscle for up to 16 hours
(Devlin, Hirshman, & Horton, 1987) while prolonged exercise produces a fall in
hyperglycemia and hyperinsulinaemia (Koivisto & DeFronzo, 1984).

During acute exercise, peripheral glucose uptake rises more than hepatic glucose
production, and blood glucose concentration tends to decline (Minuk et al., 1981). At the
same time, however, plasma insulin levels fall, and the risk of exercise-induced
hypoglycemia in NIDDM patients is small, even during prolonged exercise (Koivisto &
DeFronzo, 1984). If NIDDM patients perform strenuous, glycogen-depleting exercise,
both peripheral and hepatic insulin sensitivity are increased and remains so for 12-16 hr
thereafter (Devlin et ah, 1987). Fasting glucose levels are lower on the morning after
strenuous exercise, due to decreases hepatic glucose production rather than increased
glucose utilisation (Pickup & Williams, 1997).

Initially athletes were noticed to have reduced plasma glucose and insulin concentrations
in response to oral glucose loading (Lohman, Liebold & Heilmann, 1978), with the
suggestion that exercise improved insulin sensitivity. The increase in insulin sensitivity
with exercise has since been well-established (Koivisto, Jantunen & Sane, 1989),
increased carbohydrate oxidation, and reductions in body mass (Segal, Edano & Abalos,
1991; Holloszy et ah, 1986). Hughes, Fiatrone & Fielding, 1993, showed an improvement
in insulin sensitivity with training at 50-70% VO2 max, and many studies have reported
immediate changes in total glucose disposal and skeletal muscle uptake (Ivy, 1997).
These beneficial effects of training unfortunately appear to be transient, and are in part
derived from increased GLUT4 transporter recruitment, which has also been shown to be
higher in athletes and after training (Dela, Ploug & Handberg, 1994).

In addition, exercise and training promote increased blood flow, insulin receptor, and
oxidative and no-oxidative enzyme concentrations in muscle. The preservation of the lean
body tissues, in particular muscle mass, and the reductions in fat mass appear to be
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significant contributors to improved insulin sensitivity (Ivy, 1997). Although the risk of
hypoglycemia in type II diabetes appears small, conflicting advice on concomitant
exercise and treatment with sulphonylureas is still given.

In contrast to findings at mild exercise, during heavy exercise, concentrations of
epinephrine and glucagon were markedly higher in NIDDM than in control subjects
(Kjaer, Hollenbeck, Frey-Hewitt, Galbo, Haskell & Reaven, 1990).

Benefits of regular physical activity in type II diabetes have been shown for years and
formed the basis of the ADA recommendations (1997) of incorporating physical activity
into every day life. Namely:
•

Lowering of blood glucose

•

Increase in insulin sensitivity

•

Improvement in lipid profile

•

Promotion of weight gain

•

Maintenance of body weiglit

•

Reduction in dose/need for insulin or oral agents

2.4 Exercise and Diabetes

2.4.1

Exercise Prescription

Physical activity is commonly described as having three dimensions; duration (e.g.
minutes, hours), frequency (e.g. times per week or per month), and intensity, or
strenuousness (e.g. rate of energy expenditure in kilocalories per minute or kilojoules per
hour). However, there is a fourth dimension often overlooked, namely, the circumstances
and purpose of the activity. Both physical environment (ambient temperature, altitude,
etc.) and psychological or emotional circumstances may modify the physiological effects
of an activity (Montoye, Kemper, Saris & Washburn, 1996).

Exercise programme personnel should be prepared to modify exercise prescriptions in
accordance with the responses and adaptations observed in individual participants
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(American College of Sports Medicine (ACSM), 1991). Also it should be recognised
that, in most persons, desirable outcomes can be attained with exercise programmes that
vary considerably in terms of mode, frequency, duration and intensity. Accordingly,
development and implementation of exercise prescriptions in a rigid, mathematical
fashion may be inappropriate. The fundamental objective of exercise prescription is to aid
participants in increasing their habitual physical activity. The most appropriate exercise
prescription for a particular person is the one that is most helpful in achieving this
behaviour change and this process is a scientific one. However, successful exercise
programmes apply the accepted scientific principles to an individual person in a flexible
manner. Exercise programme personnel should recognise that the process of exercise
prescription is an art as well as a science and that professionals in the exercise
community provide little information to people with diabetes perhaps because they do not
recognize the potential benefits of exercise for the diabetic patient (Hayes, 1997; ACSM,
1991).

The exercise prescription for people with diabetes must be individualised according to
medication schedule, presence and severity of diabetic complications, and goals and
expected benefits of the exercise programmes. Exercise recommendations for individuals
with type 1 and type II diabetes include additional blood glucose monitoring, modified
insulin doses, and supplemental carbohydrate intake. Individuals should identify when
changes in insulin or food intake are necessary and learn their own glycemic response to
different exercise conditions. Glycemic balance is essential to optimal exercise
performance (Colberg & Swain, 2000). Finally, one of the chief obstacles in undertaking
and benefiting from any exercise programme is complacence. Compliance to an exercise
programme will be high if the type of exercise selected is enjoyable (Wasserman &
Zinman, 1995).

Overall compliance with an out patient based exercise programmes remains poor
(Samaras, Ashwell, Mackintosh, Campbell & Chisholm, 1996; Schneider et al., 1992). In
a study by Schneider et al., (1992), compliance dropped to 20% by the end of 12 months.
As in the above studies, subjects who took part in this programme of diet and exercise
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showed significant weight loss, lower fasting plasma glucose and lower fasting plasma
triglyceride levels at 3 months, which were maintained for up to 1 year. Key observations
in this study are worth reviewing; first, the best predictors of long term compliance were
self referral, participation of spouse, and female sex; secondly, even though subjects who
dropped out of the programme at 3 months were taking some sort of physical activity
when interviewed a year later. In the study by Wing et al., (1988) compliance with
exercise, as judged by calories expended, was excellent for the duration of the study even
though after 20 weeks subjects were left to do walking by themselves. It seems that an
initial intensive training programme may improve long term compliance, so that all
programmes may best be used for initial patient education to prepare individuals to
exercise safely and appropriately on their own, choosing activities which fit into daily
lifestyle (King, Epstein, Patemostro-Bayles, 1988).

Attitude and knowledge are two additional constructs that have been investigated as
potential determinants of physical activity. Measurement scales for attitudes towards
physical activity have been produced (Kann et al., 1995). It is generally thought that
people will participate in physical activities for which they hold a positive attitude
(American College of Sports Medicine, 1998; American Heart Association, 1995;
Fletcher et al., 1992; Owen & Lee, 1989). Positive attitudes include perceptions that
physical activity is important and that it is fun. One study reported substantial and
significant correlation between reported attitudes toward physical activity and reports of
the behaviour (Kannet al., 1995). Knowledge of how to be physically active may have a
significant influence (Gottlieb & Chen, 1985).

Diabetes Federation of Ireland organized National Exercise Day 2001 on June 22nd and
23"^^*. The awareness message last year was “Good Exercise + Good Food = Good
Health”. This is in line with the Federation ethos that exercise and healthy eating provide
a solid foundation on which to manage and control your condition. In conjunction with
the Institute of Leisure and Amenity Management (ILAM) all ILAM affiliated leisure
centres, gymnasiums and health clubs around the country were contacted, requesting that
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they grant free access to everyone to try out their local facilities as part of the rescheduled
National Exercise Days.

In a study carried out by Ruggiero et al., in 1997 on 2,056 individuals more of those with
NIDDM (>75%) were given exercise recommendations than those with IDDM (60%)
(Ruggiero, Glasgow, Dryfoos, Rossi, Greene, Reed, Darm, Chobania & Johnson, 1997).
Of those given exercise recommendations, the following self reported frequencies of
following the recommendations were reported: 12.8% “always”, 28.6% “usually”, 20.9%
“sometimes”, 16.4% “rarely” and 21.2% “never”.

Well-developed exercise programmes contain principles of operation designed to
promote self-acceptance. These include supportive feedback following diagnostic and
functional testing, individualized exercise prescriptions commensurate with personal
ability, and attitudes of accepting people at whatever level of fitness they may be
(Pollock, Wilmore & Fox, 1984). Additionally, the act of exercising, with its selfawareness component and its potential for the body to experience and relict
improvement, can be postulated as leading to increases appreciation and acceptance of
oneself It must be borne in mind that each individual has his or her own metabolic
response to exercise, which is extremely important to recognize in the diabetic athlete.
No general guidelines can take the place of intelligent self-observation and regular
glucose monitoring in developing an individualized plan to facilitate safe, enjoyable
exercise (White & Sherman, 1999).

The recommendation of the Centers for Disease Control and Prevention and the
American College of Sports Medicine states that every adult should accumulate 30
minutes or more of moderate intensity physical activity on most, preferably all, days of
the week (US Department of Health and Human Services, 1996; Pate, Pratt & Blair,
1995). However, only about 22% of adults are active at this level recommended for
health benefits, 54% are somewhat active but do not meet this objective, and 24% or
more are completely sedentary (Pate et al., 1995). In relation to physical activity, the
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greatest interest has been in leisure time physical activity because the potential for
behavioural changes was thought to be greatest for this domain (Marcus & Sinkin, 1994).

There are several considerations that are particularly important and specific for the
individuals with diabetes. Aerobic exercise should be recommended, but taking
precautionary measures for exercise involvement is essential for many patients with
diabetes. The use of silica gel or air mid-soles as well as polyester or blend (cottonpolyester) socks to prevent blisters and keep the feet dry is important for minimizing
trauma to the feet. Proper footwear is essential and must be emphasized for individuals
with peripheral neuropathy. Individuals must be taught to monitor closely for blisters and
other potential damage to their feet, both before and after exercise. A diabetes
identification bracelet or shoe tag should be clearly visible when exercising. Proper
hydration is also essential, as dehydration can affect blood glucose levels and heart
function adversely. Exercise in heat requires special attention to maintaining hydration.
Adequate hydration prior to exercise is recommended (e.g., 17 ounces of fluid consumed
2 hours before exercise) during exercise, fluid should be taken early and frequently in an
amount sufficient to compensate for losses in sweat reflected in body weight loss, or the
maximal amount of fluid tolerated. Precautions should be taken when exercising in
extremely hot or cold environments. High resistance exercise using weight may be
acceptable for young individuals with diabetes, but not for older individuals or those with
long standing diabetes. Moderate weight training and high repetitions can be used for
maintaining or enhancing upper body strength in patients with diabetes (American
Diabetes Association, 1999).

Warm up / Cool Down
It is especially important for people with diabetes to take the time to warm up, cool down,
and stretch properly. People with diabetes form more glycosylated end products than
people without diabetes, that is, glucose molecules adhere to various structures in the
body including cartilage and collagen, causing them to stiffen and lose their flexibility.
Although all people lose joint and muscular mobility with age, diabetes accelerates the
usual loss of flexibility especially when blood sugar levels are higher and greater
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glycosylation of bodily structures occurs. The result is that people with diabetes are
usually more prone to overuse injuries such as tendentious (inflammation of the tendons
connecting muscle to bone) and painful movement at the shoulder, and it may also take
longer for joint injuries to heal properly if injured. Thus, you especially need to take time
to warm up for at least 5 minutes before your aerobic session, cool down for five minutes,
and stretch the major muscle groups involved in the activity (Dranzin, 2000; Colberg,
2001).

Resistance Training
Resistance exercises have been shown to improve glucose utilisation and the plasma lipid
production by increasing muscle mass (Miller, Sherman, & Ivy, 1984). Lifting weights
can complement an exercise programme nicely. However, most people who have
diabetes should use lightweights and lift them 12 to 15 times for each exercise, rather
than lift heavy weights just a few times (White & Sherman, 1999).

Studies on people with type I and type II diabetes have shown that very intense exercise
such as resistance training, weightlifting or near maximal aerobic exercise can actually
cause an immediate rise in blood sugar levels due to the body’s hormonal response to the
workload. Intense exercise causes the release of several hormones in the body that
increase the liver’s production of glucose and reduce the muscle’s uptake of blood sugar
(Burr & Nagi, 1999).

Results indicate that the addition of resistance training to an endurance-training
programme will induce significantly greater differences in markers of insulin resistance
and body composition in individuals with hyperinsulinemia than endurance training alone
(Wallace, Mills, & Browning, 1997). There is compelling evidence that exercise both
endurance (Hesey, Graves, & Pollock, 1994; Seals, Hagberg,

& Hurley, 1984) and

resistance training (Soukup & Kovaleski, 1993; Vander, Franklin, Wrisley & Rubemire,
1986), can improve insulin sensitivity, glucose tolerance, and associated coronary risk
factors.
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2.4.2

Exercise Guidelines

Colberg (2000) indicated that individuals with type I diabetes closely followed the
majority of the current clinical exercise recommendations (American Diabetes
Association, 1999) and did so to a greater extent than previous guidelines (American
Diabetes Association, 1990). Yet a substantial need still exits to modify and individualise
the recommendations. Concerning metabolic control before exercise, respondents
followed the recommendation of ingesting carbohydrates for glucose levels less than
5.56mmol/L significantly more closely than the recommendation of avoiding exercise
under hyperglycemic and ketotic conditions. This has implications for their overall
glycemic control.

One strategy to prevent hypoglycemia in exercisers with type 1 diabetes is to exercise
when circulating insulin levels are lower (early in the morning, or at least 3 to 4 hours
after the last injection of short acting insulin, and not during an insulin peak time), thus
achieving a more normal physiological response The timing of exercise can have an
effect even in individuals with type II diabetes. Morning exercise done in the fasting state
usually does not lower blood sugar levels, whereas the same exercise done later in the
day after a meal can lower sugar levels significantly. This effect is likely due to the
higher levels of circulating cortisol and other hormones and lower levels of insulin before
breakfast (Colberg, 2001; Poirier, Tremblay & Catellier, 2000).

Ruggiero et al.,

(1997) found that overall knowledge factors for procedures before

exercise could be better. As was expected checking the blood glucose levels before
exercise is one of the main things completed. However these figures should be higher as
it should be the first thing everyone does before exercising. Knowledge factors for
procedures after exercise are better than procedures before exercise. However it should
be remembered that consuming fluids and increasing food intake are natural reactions
after an exercise session and may not indicate good knowledge factors by the diabetic.
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Table 2.4 - Clinical Exercise Recommendations
Metabolic control before exercise
1. Avoid exercising if fasting glucose levels are >13.9 mmol/L and ketosis are present,
or of glucose are >16.7 mmol/L, irrespective of whether ketosis are present.
2. Ingest added carbohydrate if glucose levels are <5.6 mmol/L
Blood Glucose Monitoring before and after exercise
1. Identify when changes in insulin or food intake are necessary
2. Learn the glycemic response to different exercise conditions
Food Intake
1. Consume added carbohydrate as needed to avoid hyperglycaemia
2. Carbohydrate based foods should be readily available during and after exercise
American Diabetes Association, 1999

With regard to blood glucose monitoring, participants were better able to identify
changes in insulin or food intake that were needed than learn the glycemic response to
different exercise conditions (Burr & Nagi, 1999). With regard to blood glucose
monitoring before and after exercise, the vast majority of individuals attempted to
identify when changes in insulin or food intake were necessary, stating that frequent
monitoring (before, during, and after exercise) was the key to establishing a pattern. Most
individuals have learned about required insulin or food alterations through trial and error,
however. The glycemic response to different exercise conditions was reportedly affected
by the type of exercise done (Colberg, 2000). The study by O’Dea (1984) provided
evidence that lifestyle modifications, with changes in physical activity, are likely to
improve the various components of the metabolic syndrome.

2.4.3

Exercise Risks

Exercising when your blood glucose levels are poorly controlled is risky. When a healthy
person exercises, the pancreas decreases its insulin secretion while other glands increase
their secretion of “counter regulatory” hormones. This combination increases glucose
release from the liver into the bloodstream. However, because some insulin is present in
the blood (and only small amounts are needed during exercise), the active muscles can
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take up more glucose for energy production. Thus, blood glucose levels remain steady
(Gordon, 1993).

However, when one exercises with a severe insulin deficiency, they are flirting with
hyperglycemia - a high blood sugar emergency- because there is greater than normal
increase in counter regulatory hormone secretion. This, together with insulin deficiency,
causes the liver to release excessive quantities of glucose into the bloodstream. And due
to a lack of insulin in the blood, the active muscles cannot take up this excess glucose,
resulting in increased blood glucose levels, ketosis and acidosis (Richter & Ruderman,
1981). This is one essential reason why blood glucose monitoring before exercise is vital
(Landry & Allen, 1992; Cryer & Gerich, 1985; Bolli, Dimitriadis, Pehling, 1984).

In contrast, anyone using insulin who exercises when there is too much of this medication
in the bloodstream risk hypoglycemia - a low blood sugar emergency - because the
excess insulin cases the liver to release too little glucose into the bloodstream while also
enabling the active muscle to take up large amounts of glucose from the blood for energy
production (Ruderman & Devlin, 1995). This causes a net fall in blood glucose levels.
Because oral hypoglycemic agents foster the body’s production of and/or response to
insulin, people with type II diabetes who take them are also candidates for low blood
sugar problems.

For exercise done at higher intensities (70 to 75% of maximal aerobic capacity or higher),
carbohydrates are the body’s fuel of choice regardless of training status. Blood glucose
use can become quite significant during these activities; especially as muscle glycogen
stores become depleted during prolonged exercise. As more glycogen is depleted, the risk
of hypoglycemia occurring during muscle glycogen replenishment increase, especially in
those who do not adjust their insulin doses (Colberg & Swain, 2000). For shorter duration
and more intense activities, carbohydrate supplementation alone is effective in
maintaining euglycemia. For prolonged exercise such as marathons, triathlons, and long
practices, most diabetic athletes must reduce their insulin dose because an increased
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carbohydrate intake by itself is not adequate to compensate for the accelerated glucose
uptake during the activity (Sane, Helve & Pelkonen, 1988).

Table 2.5 How insulin deficiency and insulin excess affect blood glucose levels
during exercise
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c. Insulin excess ("overinsulinization")

Gordon, (1993)

It is now well established that exercise-induced hypoglycemia is mainly caused by
hyperinsulinia and the loss of physiological adaptation of the reduced insulin needs to
exercise (Kemmer, 1992). Measures to prevent exercise induced hypoglycemia, in
principle, include the following; preventing acceleration insulin absorption, mimicking
physiological insulin secretion during exercise, supplying additional carbohydrate during
exercise, and providing effective diabetes education (Kemmer, 1992).
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Delayed hypoglycemia - is a more insidious danger. It often occurs at night, 6 to 15
hours after exercise, but may develop as long as 28 hours after exercise. One prospective
study (Mac Donald, 1987) found that 48 of approximately 300 young patients with type I
diabetes had at least one such episode in a 2 years period. It was not limited to those in
excellent metabolic control, and it most often occurs in individuals who increased their
training regimen. This phenomenon reflects both increased glucose uptake and glycogen
synthesis in skeletal muscle (the residual effect of exercise heightened insulin sensitivity)
and subsequent hepatic glycogen synthesis in stores depleted by exercise (Bogardus et al.,
1983). Increased food intake, reduced insulin dose, and careful blood monitoring in the
period after exercise may forestall delayed hypoglycemia. Because glycogen is
replenished more slowly in liver than in muscle, carbohydrate requirements may be
increase for up to 24 hours after prolonged exercise (Horton, 1988). This phenomenon is
usually caused by inadequate replenishment of glycogen stores immediately post exercise
and in the ensuring hours.

2.5 Benefits of Exercise for Type I Diabetics

One widely recognized benefit of exercise is at least as important for diabetic individual
as for the population as a whole: the reduction of risk factors related to cardiovascular
disease. Patients who have diabetes have a twofold to fourfold increase in such risk.
Contributing to this risk is dyslipidemia; these patients typically have low high-density
lipoprotein cholesterol, elevated triglycerides, and, in some cases, elevated low-density
lipoprotein cholesterol (American Diabetes Association, 1998). Regular physical activity
changes these lipid fractions in a favorable direction. Blood pressure decreases with
exercise (Horton, 1988). High insulin levels cause hypertrophy of the tunica media - the
middle muscular layer of the vascular wall. This hypertrophy is associated with the
sustained hypertension so common in diabetes. Exercise increases insulin sensitivity,
causing insulin levels to decrease. The hypertrophic effects are then lessened, potentially
decreasing blood pressure values. Exercise also improves certain coagulation parameters.
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In published long-term studies it has proved impossible to disentangle the effects of
lifestyle treatments from other components of the overall regimens (DCCT Research
Group, 1995). Physical training may improve the prognosis of IDDM patients. Several
retrospective studies have shown an inverse association between physical activity and the
severity of micro vascular complications (Kriska, LaPorte, Patrick, Kuller & Orchard,
1991). In a study, a cohort of 548 IDDM patients were followed for 7 years and the
prevalence of complications and mortality were ascertained (Moy, Songer & LaPorte,
1993). The occurrence of micro vascular complications varied inversely with the activity
level. Sedentary male patients were three times more likely to die that the active ones.
The inverse association between mortality and physical activity in men remained
significant even when allowance was made for other mortality risk actors, such as age,
body mass index, smoking and diabetic complications (Moy et al., 1993). The study was
not randomised and did not exclude a possibility of natural selection. However, the data
indicate that IDDM patients actively involved in physical exercise live longer and have a
better prognosis than their sedentary counterparts. One of the difficulties in research
methodology has been the ability to predict and partially relate factors to life longevity.
Research designs need to be longitudinal and self-referent.

2.5.1 Acute Effects of Exercise on Blood Glucose
Contractile activity induces a several fold increase in glucose uptake in the working
muscles (DeFronzo, Ferrannini, Sato, Felig & Wahren, 1981). The effect of a single bout
of physical activity on glucose control in type I diabetes mellitus vary: both a decrease
and increase in the blood glucose level have been reported. The most frequent
disturbance in glucose homeostasis associated with physical activity in type I diabetic
patients is hypoglycemia. Muscular contractile activity results in an increased glucose
uptake and increased insulin sensitivity several hours after the exercise session (Heath,
Gavin, Hinderliter, Hagberg, Bloomfield & Holloszy, 1983). Therefore, hypoglycemia
may not occur during the physical activity but may also occur after the exercise
(Campaigne, Wallberg-Henriksson & Gunnarsson, 1987).
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2.5.2 Acute effects of exercise on insulin sensitivity
Glucose tolerance is increased for several days following vigorous exercise; this response
is partly due to increased glucose uptake by muscle. In addition, a state of insulin
sensitivity occurs that persists for variable lengths of time after the exercise (Spelsberg &
Manson, 1995; Fell, Terblanche, Ivy, Young & HoIIoszy, 1982). There is evidence that
carbohydrate feeding speeds reversal of the increase in muscle permeability to glucose
after exercise (Young, Garthwaite, Bryan, Cartier & HoIIoszy,

1983). Studies

demonstrated that the acute effects of exercise on whole body glucose metabolism are
regional, with increased insulin sensitivity confined to previously exercised muscle
groups mediated by local factors (e.g. plasma membrane glucose transporters)(Devlin,
1992).

2.5.3 Long-term effects of exercise
The expected improvements in glycemic control with exercise have not been clearly
established (Peirce, 1993). Several studies have investigated the effect of a prolonged
period of stmctured physical activity upon diabetic control as reflected by HbAlc but the
findings are inconclusive (Armstrong, & Welsman, 2000). Some studies have observed
improved control after a period of regular physical training in diabetic children and
adolescents (Dahl-Jorgensen, Meen, Hanseen, & Aagenaes, 1980) whilst others have
noted an absence of change (Huttunen, Lankela, Knip, Lautala, Kaar, Laasonen, 1989,
Stratton, Wilson, Endres, & Goldstein, 1987). Although the divergent results from these
studies might, in part, be attributed to an insufficient training stimulus (1 hr per week),
other well controlled studies whose training programmes satisfy current guidelines (Sallis
& Patrick, 1994) have shown disparate findings in both supporting (Campaigne, Gilliam,
Spencer, Lampan & Schork, 1984) and refuting (Campaigne, Landt, Mellies, James,
Glueck, & Sperling, 1985, Rowland, Swadba, Biggs, Burke, & Reiter, 1985) improved
glycemic control.

It is apparent that in those studies eliciting improvements, pre-training control was often
poor (Campaigne et al., 1984, Dahl-Jorgensen et al., 1980) whereas those showing no
change demonstrated better control prior to the training programme (Huttenen, et al..
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1989, Landt, Campaigne, Jaes & Spreling, 1985). These findings suggest that the extent
of amelioration of diabetic control is directly related to the degree of control pre-training
(Wallberg-Henriksson, 1992). Many factors other than physical activity affect glycaemic
control particularly management of glucose levels prior to the training sessions, for
example, reductions in insulin dosage and increases in carbohydrate consumption both
influence long-term glycaemic control. The extent to which these variables have been
controlled for in various studies is not always evident further confounding interpretation
of the results (Armstrong, & Welsman, 2000). Many studies did not adequately describe
the initial fitness of their subjects, the type or intensity of exercise prescribed, or whether
the exercise induced a fitness change (Hughes, 1984). Additionally the majority of
studies were relatively small sample size. Even reports showing beneficial effects cannot
exclude the possibility that the improvement observed in metabolic control may be due to
the additional care and interest focused on the patients and not to the physical activity
(Huttunen et al., 1989).

There is still considerable debate concerning the issue of the effect of exercise on
improving long-term blood glucose control. It must be appreciated that several studies
have failed to show an independent effect of exercise training on improving glycemic
control as measured by HbAlc in patients with type 1 diabetes. Indeed, these studies have
been valuable in changing the focus for exercise in diabetes from control to that of an
important life behavior with multiple benefits (American College of Sport Medicine,
1998).

Reports that physical activity might improve chronic glucose regulation for persons with
IDDM are grounded in early studies showing a glucose lowering effect of an acute bout
of exercise (Campaigne et al., 1987; Marble, 1971; Hetzel, & Long, 1926) a response to
exercise that has been replicated by many investigators and comprehensively reviewed
elsewhere (Wallberg-Henriksson, 1992). Other reports document beneficial effects of
exercise conditioning on hyperlipidemia in persons without diabetes (Haskell, 1984).
These reports foster speculation that exercise training might chronically lower blood
glucose, triglycerides, and cholesterol in persons with IDDM. Surprisingly, however.
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investigators that examine vigorous exercise coupled with prudent diet and insulin
therapy yield mixed results.

Several have shown reduced insulin secretion and hypoglycemic but little reduction in
HbAlc (Dunstan, Puddey & Beilin, 1998; Stratton, Wilson & Endres, 1988; Zinman et
ah, 1984), although when activity was stratified according to participation, metabolic
control was significantly better among diabetic subjects participating frequently (at least
11 of 13 sessions), regardless of the type of activity (Huttenen et ah, 1989).

One possible explanation for the lack of evidence to support the benefical effect of long
term metabolic control is suggested by the study of Zinman et ah, (1984), in which the
effects of aerobic exercise on glucose control were determined. The effects of cycle
exercise training for 12 weeks on acute blood glucose responses, long term glucose
control, and dietary intake were measured in a group of subjects with type I diabetics and
in normal controls (Zinman, et ah, 1984). They found that each 45-minute exercise
session had an acute glucose lowering effect in the diabetic subjects but that fasting
plasma glucose and glycohaemoglobin concentrations remained unchanged. They felt
that more precise guidelines and recommendations as to exercise timing and nutrient
intake, are required to achieve a beneficial effect of exercise training on metabolic control
in type I diabetes (Zinman, et ah, 1984). Since the variable of nutrient intake clearly plays
an important role in overall diabetes control maybe the fact that total caloric intake
increased significantly on exercising days and this was primarily in the form of
carbohydrate and protein might have had a significant effect on the overall glucose
control (HbAlc levels). Caloric intake was significantly increased on the training days,
both in anticipation and in response to exercise, which suggests that the benefit of the
glucose lowering effect was counteracted by the increase in blood glucose as a result of
eating (Horton, 1988).

Wallberg-Henriksson et ah, (1986) examined the possibility that a daily exercise
programme would be suitable for improving glycemic control. 13 patients completed a 5month study; 6 were randomized to exercise training (20 mins daily bicycle exercise) and
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7 served as non-exercising controls. Training diaries, including the intensity and duration
of all training sessions, were carefully kept by the patients and collected every month.
Between the monthly controls at the hospital, each patient was a) contacted by telephone
b) once a week to ensure that training was going well and that there was c) no problem
with glycemic control). The training resulted in an 8% increase in maximal oxygen
uptake. No changed in glycemic control occurred during the study period in either group
(Wallberg-Henriksson, Gunnarsson, Rossner & Wahren, 1986).

Regular physical activity for 2-6 months decreases the insulin requirements in adult type
I diabetic patients but does not improve the blood glucose control (measured by
glycosylated haemoglobin A1 (HbAlc) and or self testing of blood and urinary
glucose)(Wallberg-Henriksson, et al., 1986; Wallberg-Henriksson et ah, 1984; YkiJarvinen, DeFronzo & Koivisto, 1984; Zinman, et al., 1984).

Wallberg-Henriksson et al., (1982) demonstrated that physical training in insulin
dependent diabetics results in increased peripheral insulin sensitivity, a rise in muscle
mitochondria enzyme activities, decreased total plasma cholesterol levels, and unchanged
blood glucose control. Physical training was perfomied for 16 weeks, with three 60 mins
sessions each week, under the guidance of a qualified instructor. These findings suggest
that in the absence of efforts to alter dietary regulation and insulin administration,
physical training consisting of 2-3 weekly bouts of moderate exercise may not in itself
improve blood glucose control in type I diabetes (Wallberg-Henriksson, et al., 1982).

Ligtenberg et al., (1999) assessed the relation between long-term physical activity and
glycemic control in patients with type I diabetes mellitus through the use of a self-report
questionnaire. Glycemic control was not found to be associated with long-term physical
activity in type I diabetes patients (Ligtenberg, Blans, Hoekstra, Tweel & Erkelens,
1999).

Zinman et al., (1984) reported that patients with IDDM may significantly “liberalise”
their normally strict diet on exercise days. The results of their study may influence
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recommendations regarding the need for additional calories to accommodate exercise, at
least for activities within the guidelines evaluated (Zinman, et ah, 1984). For some, it
might be best to delay consuming extra food until after exercise, when testing the blood
glucose level could help determine how many more (if any) calories are needed. This
may be particularly beneficial for those desiring to more effectively use the blood glucose
lowering effects of exercise to tighten glycemic control, as well as for those wishing to
avoid extra calories (Stratton, Wilson & Endres, 1988).

From these studies a number of problems emerged which had been encountered to a
certain extent in previous investigations. These include difficulties in separating dietary
from exercise effects, heterogeneity of the initial hormonal metabolic status of the
patients, the appearance or aggravation of coronary heart disease, the deterioration of
diabetes and (last but not least) the apparent lack of motivation of patients to participate
in physical training over a period lasting more than 36 months (Kemmer & Berger,
1992).

However, regular exercise in combination with intensified insulin therapy and home
monitoring of blood glucose has been shown to improve metabolic control (Peterson,
Jones, Esterly, Wantz & Jackson, 1980). They demonstrated steady decline in
glycosylated haemoglobin in 10 IDDM patients participating in an 8 to 10 month
programe of supervised exercise and glucose monitoring (Peterson, et ah, 1980). In this
particular study, it is not possible to judge whether the physical activity per se has
contributed to be improved blood glucose control because insulin dosage had been
adjusted.

Peterson et ah, (1979) indicated that improved control of blood glucose in adolescents
and young adults with insulin dependent diabetes is possible through a programme of
patients monitor glucose determinants and exercise. After 3 months of study, there was a
significant decrease in haemoglobin Ale (HbAlc) values from a mean concentration of
10.3 to 7.6%. HbAlc values correlated well with mean blood glucose levels (r =0.86).
They also showed positive changes in HbAlc, resting heart rate, blood pressure, and
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mean blood glucose levels during an 8-month outpatient circuit strength and aerobic
training and insulin and diet programme in 10 type I diabetic subjects .A standardized
diary-facilitated review of progress of each patient. The time of exercise was left to the
patient and no attempt was made to adjust the time of exercise to meals. Subjects were
encouraged to exercise three times per week using a type of aerobic training. Additionally
most patients tended to perform blood glucose measurements more often than six times
per day (Peterson, Jones, Dupuis, Levine, Bernstein & O’Shea, 1979). However, in the
study home monitoring of blood glucose and spilt dose insulin administration were
initiated simultaneously with the training, making it difficult to isolate the effect of
training per se.

Marrero et al., (1988) investigated the impact of a 12-week at home aerobic fitness
programme on aerobic capacity and metabolic control of 10 adolescents IDDM. The
subjects were asked to exercise 3 times per week and were taught how to adjust their diet
and insulin for exercise. Glycosylated haemoglobin levels for the entire group were
significantly reduced after the programme (11.41 +/- 4.47% v 10.01 =/- 3.21%) (Marrero,
Fremion, & Golden, 1988). The HbAlc levels seem particularly high for this
experimental group with values ranging from 6.4% to 11.8%, thus causing the mean
HbAlc to be very high.

Durak et al., (1990) assessed a programme consisted of heavy resistance weight training
3 day/wk for 10 weeks, concentrating on the strengthening of major muscle groups
through progressive resistance with 8 type I diabetes. HbAlc and triglyceride levels
showed no change during the resting portion of the experiment but showed a significant
change with the training programme; HbAlc 6.9+/- 1.4 v’s 5.8 +/-0.9% and triglyceride
5.044+/- 1.06 v’s 4.628 +/-0.88. Self-monitored glucose (taken pre and post exercise)
showed a decrease from 7.85 +/-3.13 to 7.05+/-2.91mM (Durak, Jovanovic-Peterson &
Peterson, 1990). They suggest that a strength-training programme for type I diabetic men
can improve muscular strength, muscular endurance, glycosylated haemoglobin level,
and total cholesterol (Durak, et al., 1990).
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Moy, (1993) reported that 548 type I individuals whose health was followed over seven
years had baseline physical activity that were inversely related to the risk of mortality.
Men expending less than 1,000 kcal/wk had a threefold greater risk of death than those
expending more than 2,000kcal/wk. The findings were similar in females although not as
evident.

Mosher et al., (1998) studied the effects of a 3 times weekly programme for 12 weeks
using a 45-minute aerobic and weight training circuit designed to exercise all major
muscle groups. Subjects improved their cardiovascular endurance, lean body mass,
percent body fat and body strength. Fasting blood glucose for all subjects was unchanged
by training, but glycosylated haemoglobin Ale of IDDM subjects was reduced by 0.96%
(p<0.05). Subjects had a pre-training HbAlc average of 7.72%, a percentage considered
well controlled even before undergoing exercise intervention. Reductions of HbAlc
benefited subjects exhibiting poor preconditioning glycemic control (Mosher, Nash,
Perry, LaPerriere & Goldberg, 1998). The observation of small changes in HbAlc after
training is consistent with previous reports in which the greatest improvements in
glycemic regulation were documented in subjects who begin exercise training in poor,
rather than good, metabolic control (Campaigne, et al., 1985; Landt et al.,1985; Rowland
et al., 1985). This does lead us to question problems associated with exercise and poor
glycemic control as outlined earlier.

Perry et al., (1997) investigated the impact of intensive lifestyle education on dietary
practices, exercise and metabolic measurements in people with IDDM. 61 volunteers
were randomized to intensive (group 1) or standardized (group 2) education programme
for 6 months. During a second 6-month period of observation group 1 received routine
surveillance for their condition and those in-group 2 were given intensive advice. Current
insulin regimes were modified to optimize glycemic control before the start of the
intervention phase. Nutrient intakes, weight, blood pressure, HbAlc, plasma lipids,
lipoproteins and maximal oxygen consumption (VO

2 max)

were measured at the time of

recruitment and at three monthly intervals during the trial and phase 2. HbAlc decreased
significantly in both groups between recruitment and randomization, the improvements
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being sustained during 6 months of the randomized trail and for group 1 during the 6
months of post trial observation. Comparable changes were seen with total and lowdensity lipoprotein (LDL) cholesterol. These changes occurred in parallel with increases
in intakes of carbohydrate and monounsaturated fatty acids, a reduction in intakes of total
and saturated fat, and an improvement in VO

2

max- Therefore a lifestyle programme for

people with IDDM results in modest changes in diet and exercise habits sufficient to
improve measures of glycemic control and lipoprotein mediated risk of coronary heart
disease independent of changes in insulin regime. In addition, some evidence suggests
that the timing of exercise is an important factor, with regular postprandial exercise
improving long-term blood glucose control (Rasmussen & Hermansen, 1994).

It seems likely that the initial improvement in HbAlc observed in both groups following
recruitment was due to the fact that participation in the study was sufficient to motivate
subjects to make the changes taught previously. The beneficial effect of being in a study
has been documented in other randomized studies (Korhonen, Huttenen, Aro, Hentinen,
lhalainen, Majander, Siitonen, Uusitupa & Pyorala, 1983; Me Culloch, Mitchell, Ambler
& Tattersall, 1983; Worth, Home, Johnston, Anderson, Ashworth, Burrin, Appleton,
Binder & Alberti, 1982). The discrepancy concerning the influence of exercise on blood
glucose levels in IDDM patients may be ascribed, in part, to variation in insulin and
blood glucose levels before exercise (Rasmussen & Hermansen, 1994).

Regular exercise can help improve blood sugar control somewhat, provided that type I
diabetes patents don’t change their diet on workout days unless it’s really necessary and
that they pay attention to other important factors, such as a) the time of day when
exercise is performed; b) the duration and intensity of the exercise; c) the precise blood
glucose level immediately prior to exercise; d) fitness level, irrespective of the diabetes;
and e) the type and dosage of the insulin injected. To truly get the optimum diabetes
management benefits from exercise over the long term, a person with type I diabetes
would have to train every day, preferably after a meal, at a set intensity and a set duration
(Colberg, 2001; Gordon, 1993). Yet it leads one to question the appropriateness of this
type of exercise prescription in every day life.
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Results indicate that the addition of resistance training to an endurance-training
programme will induce significantly greater differences in markers of insulin resistance
and body composition in individuals with hyperinsulinemia than endurance training
alone. This result was been seen in both immediate and long-term result (2 years
later)(Wallace et al, 1997).

A large-scale survey (n=1030) of IDDM patients motivations and barriers to exercise
(Marsden, 1996) suggested that fear of a hypoglycemic event was not seen as a major
barrier. Instead, and similar to the non-diabetic populations, time constraints were listed
as the major barrier. Motivations to exercise were to avoid future diabetic complications
and to improve physical health. This suggests that IDDM patients need similar exercise
counseling (Loughlan & Mutrie, 1997) to non-clinical populations. Marsden’s work
(1996) also revealed that less than a third of IDDM patients took regular exercise, but that
at least another third are contemplating starting or doing some irregular exercise.

Diabetic patients who want to exercise must be offered an intensive and comprehensive
teaching programme for self-management of their metabolic control. Schneider et al.,
(1992) had a ten-year experience with an exercise based outpatient life style modification
programme in the treatment of diabetes mellitus. Patients were asked to keep records of
home exercise sessions and report them weekly. Exercise intensity was monitored by
heart rate. Glycosylated haemoglobin levels and plasma triglycerides improved only in
patients with NIDDM. Insulin requirements were significantly reduced in patients with
IDDM. Compliance for up to 3 months was acceptable but longer-term compliance was
poor (Schneider et al., 1992).

2.5.4 Maximal Oxygen Uptake VO 2 max
The research resulting from VO2 max in the literature with IDDM has been in conclusive.
Several investigations demonstrate that the physical work capacity does not differ in adult
men, with or without type I diabetes mellitus (Zinman, et al., 1984; Wallberg-Henriksson
et al., 1982). Yet young people and women with type I diabetic’s mellitus have been
reported to have a lower physical working capacity in comparison with non-diabetics

Olive Fanning M.Sc. Health, Fitness & Leisure

67

Review of Related Literature

(Guiinarsson, Wallberg-Henriksson, Rossner & Wahren, 1987). Patients with autonomic
neuropathy have a decreased aerobic capacity, which is likely to be explained by a
defective heart rate regulation (Hilsted, 1982). Thus, when a lower physical working
capacity is reported in type I diabetic patients without autonomic neuropathy, it is likely
to be because of a low physical activity level. For example, improvements in maximal
oxygen uptake (VO2

max)

without accompanying changes in glycemic control have been

reported after 2 weeks of bicycle and treadmill exercise, respectively (Rowland et al.,
1981).

Type I diabetic individuals undergoing the same endurance-training programme as non
diabetics demonstrate similar increases in maximal oxygen uptake as the non-diabetics
(Wallberg-Henriksson, et al., 1984; Zinman, et al., 1984). Consequently, regular exercise
results in improvements in heart and lung function, which is generally regarded as a
beneficial factor in the prevention of cardiovascular diseases.

2.5.5 Blood Lipids
Regular physical exercise has a beneficial effect on the blood lipid profile in non
diabetics (Haskell, 1984). Similarly, the level of total cholesterol, triglycerides, and lowdensity lipoprotein (LDL) cholesterol are decreased in type I diabetic patients after
physical training. At the same time, an increase in the percentage of high-density
lipoprotein (HDL) cholesterol of the total cholesterol has been found (Yki-Jarvinen et al.,
1984; Wallberg-Henriksson, 1984). Reports of unchanged blood lipids have also been
documented (Baevre, Sovil, Wisnes & Heiervang, 1985). The explanation for these
differences seems to be related to different pre-training blood lipid profiles and the
experimental design of exercise intensity, frequency and duration.

The 12 -16 wk endurance programme produced favorable changes in lipid, lipoprotein
and apoliprotein levels in type I diabetic men who for the most part already met the
American Diabetes Association recommendations for physical exercise (American
Diabetes Association, 1999) at baseline. These changes were independent of effects on
body mass or composition and glycemic control, and occurred despite a rather modest

Olive Fanning M.Sc. Health, Fitness & Leisure

68

Review of Related Literature

improvement in peak oxygen consumption. The most favorable changes were in patients
with low baseline HDL/LDL ratios, likely the group with the greatest benefit to be gained
by such changes (Laaksonen et al., 2000).

Serum lipid and lipoprotein levels were followed by Wallberg-Henriksson, et al., (1986).
Total cholesterol decreased during the study period irrespective of training. No effect was
noted on the levels of low-density lipoprotein, very low-density lipoprotein, high-density
lipoprotein and high-density lipoprotein 2 cholesterol. A significant training effect was
obtained in the HDL3 sub fraction (-10%). Total triglycerides were unchanged, but a
decrease in the level of LDL triglycerides was observed with training (-12%). Therefore
it was concluded that, in females type I diabetic patients, daily physical training for
several months does not improve glycemic control and results only in minor changes in
serum lipoprotein profiles (Wallberg-Henriksson, et al., 1986).

Long-term physical training in normal and diabetic people increases insulin sensitivity
and in diabetic subjects may improve glycaemic and lipaemic profiles (Koivisto, 1991;
Campaigne et al., 1985)

2.5.6 Insulin Sensitivity and Skeletal Muscle
Type I diabetes mellitus has been characterised by peripheral insulin resistance in skeletal
muscle (Colberg, 2001;. Wallberg-Henriksson et al., 1982). Increased insulin sensitivity
results in an increased capacity to utilise glucose in skeletal muscle. In addition,
following regular exercise, the level of the counter-regulatory hormones, mainly
catecholamines, decrease (Galbo, 1983). Thus, physical training in type I diabetic
patients generally results in a decrease in the total insulin dosage (Colberg, 2001).

In humans of different ages, an increased level of physical activity is associated with
increased insulin mediated peripheral glucose uptake (Seals et al., 1984; Seals, Allen,
Hurley, Dusky, Ehsani & Holoszy, 1984). Skeletal muscle appears to be the major site of
the increased peripheral insulin sensitivity associated with physical training. The training
effects on tissue sensitivity to insulin are lost soon after the termination of the physical

Olive Fanning M.Sc. Health, Fitness & Leisure

69

Review of Related Literature

training period. Yet a single exercise session can restore the increased sensitivity; hence,
the training effect does not appear to represent a long-term adaptation but rather is
because of the residual effects of the last bout of exercise (Heath, et al., 1983; Ivy,
Young, McLane, Fell & Holloszy, 1983).

Insulin sensitivity is reduced on average by 40% in patients who have had IDDM for
several years although there is a large individuals variation (Yki-Jarvinen & Koivisto,
1986). Participation in a regular physical activity programme improves whole body
insulin sensitivity in these patients as it does in non-diabetic subjects and in diabetic
subjects may improve glycemic and lipaemic profiles (Pickup & Williams, 1997;
Koivisto, 1991; Camapigne et al., 1985).

A most dramatic change in the equilibrium between the activity level of the muscle and
the glucose transport capacity occurs when the activity suddenly cease, such as during
bed rest or immobilisation in a cast. Decreased glucose tolerance and decreased
sensitivity of glucose uptake to insulin in the forearm of healthy individuals have been
reported after a few days of bed rest. Consequently, total inactivity would be expected to
affect the muscle glucose transport system. When chronically insulin-resistant patients
are hospitalised and confined to bed rest for several days, the insulin resistant state will,
in most cases be aggravated.

Endurance training induces an adaptive increase in skeletal muscle respiratory capacity,
as indicated by increase in mitochondrial enzyme activities in healthy subjects (Salmons
& Henriksson, 1981). The oxidative capacity of skeletal muscle is normal in type I
diabetics mellitus and responds to physical training similar to non-diabetics subjects
(Hasson, 1994).

Regular physical activity results in an increase capillary density in healthy skeletal
muscle. In type I diabetic patients with long standing disease (more than 15 years),
skeletal muscle does not seem to respond with a normal increase in the number of
capillaries per square meter of area, whereas in patients with a shorter duration (less than
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15 years), the number of capillaries increases to a level comparable to that of healthy
subjects (Wallberg-Henriksson et al., 1984). Thus, a normal adaptation to physical
training in terms of neoformation of muscle capillaries does not seem to occur in long
standing disease.

Lactate dehydrogenase activity is higher in type I diabetic individuals and physical
training seems to decrease the activity slightly (Wallberg-Henriksson et al., 1984).
During exercise, diabetic patients demonstrate a greater increase in both blood levels and
in the release of lactate when compared with healthy controls. The physiological
implication of this response could be a compensatory increase in the lactate dehyrogenase
activity. In strenuous exercise, when energy demands exceed either the oxygen supply or
its rate of utilization, all of the hydrogen joined to NADH cannot be processed through
the respiratory chain. Continued release of anaerobic energy in glycolysis depends on the
availability of NAD+ for the oxidation of 3-phosphoglyceraldehyde; otherwise, the rapid
rate of glycolysis would “grind to a halt”. Under conditions of anaerobic glycolyss,
NAD+ is freed up as pairs of excess hydrogen’s combine temporarily with pyruvic acid
in an additional step, catalysed by the enzyme lactic dehydrogenase, to form lactic cid in
the reversible reaction (Me Ardle, Katch & Katch, 1994).

Hexokinase activity appears to be lower or normal in type I diabetic subjects. The lower
hexokinase activity found in the muscle of type I diabetic subjects might be explained by
a relative insulin deficiency, resulting in diminished hexokinase synthesis either primarily
or secondarily (via a decreased entry of glucose not the muscle cell). Physical training in
a group of diabetic subjects restored hexokinase activity to a level similar to that found in
healthy control subjects (Burr & Nagi, 1999).

Exercise exerts a blood glucose lowering effect in IDDM patients with mild to moderate
hyperglycemia. This fall in blood glucose during exercise has been attributed to enhanced
insulin absorption from subcutaneous injection sites, increased insulin sensitivity, and or
and inability to increase hepatic glucose production to match glucose utilisation
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(Wallberg-Henriksson, 1989). Insulin and exercise independently have been showed to
increase glucose metabolism in muscle (Koval, et ah, 1999).

2.5.7 General Well-Being
For each individual, one of the most important results of physical activity is the effect on
self-esteem and well-being. Many patients with type I diabetes mellitus report that they
experience a sense of increased well-being in connection with regular physical exercise.
Even though these reports are based on the patient’s own subjective experiences, they
emphasise an important factor in the management of individuals with diabetes mellitus,
via that regular physical exercise generally improves the well-being. (See section 2.8 for
more detailed information on the effect of exercise on individuals well being).

2.6 Type II Diabetes Mellitus

The management of type II diabetes involves all three stages of preventive medicine.
Primary prevention (health enhancement) is the prevention of new cases of the disease.
Whether it is possible to prevent type II diabetes is not known, but the occurrence of
diabetes in obese patients can be partly prevented or postponed by losing weight (Henry,
Wallace, Olefsky, 1986). With regard to secondary prevention (early detection), one has
to realise that only 50% of all type II diabetes patients are known and treated. Due to the
insidious onset, type II diabetes has a long sub-clinical phase, which is however
associated with increased morbidity and mortality (Klein, 1995, & Harris, Klein,
Welbom, & Knuiman, 1992). Diabetes type II frequently remains undiagnosed for many
years because hyperglycemia develops gradually and at earlier stages is not often severe
enough for the patient to notice any of the classic symptoms of diabetes. Nevertheless,
such patients are at increased risk of developing macro-vascular and micro vascular
complications (The Expert Committee on the Diagnosis and Classification of Diabetes
Mellitus, 1997). There is epidemiological evidence that retinopathy starts at least 7 years
before clinical diagnosis of diabetes is made (Stamler, Vaccaro, Neaton, & Wenthworth,
1993). The third stage of preventive medicine is the tertiary (therapeutic) prevention of
type II diabetes that is the prevention of the worsening of the disease and its
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complications. The patient’s role is essential in tertiary prevention, because one of the
important cues to action is a change in lifestyle (van den Arend, et ah, 2000). One of
these lifestyle changes involves exercise programmes.

The prescription of exercise for diabetic type Il’s control should be considered for a
variety of associated and independent health benefits. The full scope of these benefits can
be seen in a number of reviews and include weight loss, weight loss maintenance, lipid
profiles, blood pressure, psychological profile and the constellation of symptoms that
make up the metabolic syndrome X (Blair, Kohl & Paffenbarger, 1989). Over the last two
decades the potential benefits of physical activity in type II diabetes have become clearer,
and the reasons for these benefits better understood (Schneider & Morgado, 1995).

The management of type II diabetes involves two interacting levels, “the treatment”,
consisting of self-care behaviour and medical treatment, and “the monitoring” of the
disease, consisting of self-control and medical control (van den Arenda, et al., 2000;
Warren-Boulton, et al., 1999).

It is strongly recommended that individuals with type II diabetes expend a minimum
cumulative total of 1000 kcal.wk in aerobic activity (Blair, Kohl, Gordon & Paffenbarger,
1992; Fletcher, Blair, Blumentahal, Caspersen, Chaitman & Epstein, 1992). The addition
of a well rounded resistance training programme should be effective in improving body
composition by increasing or maintaining fat free weight.

There are three potential areas where exercise does appear to have positive effects, firstly,
exercise appears to improve (decrease) the insulin resistance of peripheral tissues, and
more specifically, to alleviate the defect of insulin stimulated glycogen metabolism in
skeletal muscle. Second, exercise was found to improve post-prandial hyperglycemia.
Third, it is suggested that exercise acutely lowers hepatic glucose production in type II
diabetes mellitus (Kelley & Goodpaster, 2001). Exercise increases insulin sensitivity and
glucose tolerance and induces favorable changes in blood lipid level among persons with
type II diabetes (Hu, Sigal, Edwards-Rich, 1999).
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Review of Related Literature

The beneficial effects of physical activity in type II diabetes on dyslipidaemia and
hypertension are of great importance, as successful modification of these two risk factors
has been shown to reduce mortality from macro vascular disease (Collins, Petro & Mac
Mahon, 1990), in contrast to the disappointing lack of effort of tight glycemic control.
The result of the United Kingdom Prospective Diabetes Study (UKPDS) showed that
intensive blood pressure control in subjects with type II diabetes significantly reduced
micro vascular complications by 25%, while the effect on diabetes related death and all
cause mortality was small and not significant (UKPDS, 1998).

The effects of physical activity on lipid involve a reduction in triglyceride and a rise in
HDL-cholesterol, both of which may be related to reduced insulin resistance (Eriksson,
Taimela & Koivisto, 1997). There is also some reduction of LDL cholesterol levels as
well as an improvement in LDL particle density, thereby making it less atherogenic. Tlie
effects of physical activity when combined with diet are more marked than those seen
with dietary modification alone.

2.6.1 Acute effects of exercise on Blood Glucose Levels
That exercise may have a direct therapeutic effect in diabetes has been recognized since
ancient time (Sushruta, 1938). Its ability to lower blood sugar was noted in the pre insulin
era, and it was used to reduce the need for insulin in the mid 1920’s (Lawrence, 1926).
That exercise can increase insulin sensitivity, in diabetic as well as non-diabetic
individuals, was established a quarter century ago (Bell, 1997).

Several investigations have shown that the residual effects of exercise can enhance
glucose uptake for up to 18-24 hours following a single bout of exercise (Devlin &
Horton, 1985) and can reduce the insulin response to a glucose load (Fluckey, Hickey,
Brambrink, Hart, Alexander & Craig, 1994; Craig, Everhart, & Brown, 1989).

A single bout of muscular activity often results in a decrease in plasma glucose levels that
persists during the post exercise period in type II diabetic subjects (Hubinger, Franzen &
Cries, 1987). The duration of the activity is correlated with the magnitude of the
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decreased in blood glucose levels. Thus, 40 min of ergometer cycling at 50—55% of Vo2
max produced a significantly greater blood glucose lowering effect than that of 20 min
(Patemostro-Bayles, Wing & Robertson, 1989). However, exercise in type II diabetic
individuals does not necessarily result in a lowering of blood glucose. After moderate
exercise, a variable response has been reported (Jenkins, Purler, Bruce & Chisholm,
1988) and maximal dynamic exercise in type II diabetic subjects can result in post
exercise hyperglycemia and hyperinsulinemia for 60 min after the exercise. This reaction
is most likely due to an exaggerated counter-regulatory hormonal response (Kjaer, et ah,
1990).. Schell et ah, (1999) suggest that a single bout of resistance exercise can promote
a greater increase in insulin than running if glucose is present (Schell, et ah, 1999;
Schnedier, Khachadurian, Amorosa, Gavras, Fineberg & Ruderman, 1986; Minuk, et ah,
1981).

Exercise improved insulin sensitivity by 40% among those in whom it was measured
within 24 hours of the final exercise session. An effect of this magnitude has considerable
implications for the prevention of type II diabetes at the population level (Davey,
Roberts, Patel, Pierpoint, Godsland, Davies & McKeigue, 2000). The implications of the
trails are that exercise training must be maintained if benefits of insulin sensitivity to be
maintained.

Long term Effects of Regular Exercise in Type II Diabetes Mellitus: Possible
Positive Effects
1. Improved blood glucose control
2. Increased peripheral insulin sensitivity
3. Improved blood lipid profile
4. Decreased hypertension
5. Contributing factors (together with diet) to weight reduction
6. Increased physical work capacity
7. Increase sense of well being and quality of life
(Wallberg-Henriksson, 1992)
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2.6.2 Acute Effects of Exercise on Insulin Sensitivity
In type II diabetic individuals with a mild to moderate degree of fasting hyperglycaemia
(8.3 mM), insulin mediated glucose uptake has been reported to be reduced by 35-40%
compared to controls (DeFronzo, 1988). An acute bout of exercise increases peripheral
insulin sensitivity in non-diabetic and diabetic individuals (Devlin, et al., 1987).
However, the enhanced action of insulin is lost within a few days after stopping the
training in healthy subjects. Thus, an improvement in glucose tolerance that occurs in
response to physical training may, partly, be due to the effect of the last bout of exercise
(Shephard, 1995; Beck-Nielson, 1989; Mondon, Dahm, Sinha & Caro, 1987; Dolkas &
reaven, 1980).

Exercise training also releases patients from insulin resistance. These effects of exercise
may reduce the dose of insulin to normalize the blood glucose levels (Fujinuma, Abe,
Yamazaki, Seino, Kikucki, Hoshino, Hirano & Yoshida, 1999; Perseghin, Price &
Peterson, 1996).

2.6.3 Long term Effects of Exercise - Glucose Control
Regular exercise in patients with type II diabetes mellitus can result in improved
metabolic control.

Improved glucose control after physical exercise has been

demonstrated particularly in the younger type II diabetic patients, between 45 and 50
years of age (Burr & Nagi, 1999). However, an improvement in HbAlc can be achieved
in patients over the age of 50 years. In a group of older type II diabetic individuals,
HbAlc decreased by 23% in response to 10 weeks of training (Wing, et al., 1988). The
improvement in glycemic control is believed to be partly due to the accumulative effect
of frequent lowering of the blood glucose level with each exercise session. However, the
glycemic control was not measured and the results may illustrate a common positive
performance trend from poor to better HbAlc control pre-training to pre values.
Improved glycemic control over prolonged periods in patients participating in regular
exercise may largely be due to the cumulative effects of the individuals acute exercise
bouts rather than to a change in fitness per se (Young, 1998; ; Stem, Tichenal & Johnson,
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1987; Koivisto, et al., 1986; Schnedier, et al., 1986; Holloszy, Schultz, Kusnierkiewicz,
1986).

Since the residual effects of an individuals exercise bout on glucose tolerance persist for
24 to 48 hours (Young, Enslin & Kuca, 1989; Burstein, Polychronakos & Toews, 1985;
Schneider, Amorosa, Khachadurian & Ruderman, 1984) exercise should take place at
least every other day or three times per week (Young, 1995; Dela, Larsen, Mikines,
Ploug, Peteson, & Galbo, 1995).

Fujinuma et al., carried out a study in 1999 with type II diabetics to investigate the effect
of exercise training on doses of oral agents and insulin. The aerobic exercise (walking,
bicycle and stretching) was performed for 50-60 minutes, once a day, 4-6 days a week.
Fasting plasma glucose and HbAlc levels were significantly improved. The study
confirmed that exercise training significantly decreased the doses of drugs, such as
insulin and oral hypoglycemic agents, required for blood glucose control. It also
confirmed the efficacy of exercise training on the treatment of diabetes by observing that
some patients with exercise could discontinue insulin injection or oral medication. They
confirmed that exercise training not only improved patient’s quality of life by lessening
their physical burden, but also benefited the individual and society by reducing medical
costs (Fujinuma, et al., 1999).

Eriksson et al., (1997) determined the effect of circuit resistance training on long-term
glycemic control (HbAlc) and examined the potential association between muscle size
and glycemic control in NIDDM subjects. Eight NIDDM subjects participated in a 3month individualised progressive resistance-training programme (moderate intensity,
high volume) twice a week. There was an improvement in HbAlc (8.8 - 8.2%). Muscle
endurance increased by 32+/-3%, and the cross sectional area of vastus lateralis increased
by 21% (Eriksson, et al., 1997).
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Dunstan et al., (1998) studied the effects of an 8-week circuit weiglit-training programme
on glycemic control in NIDDM. There was a slight reduction, equivalent to 0.28 mmol/1,
in self monitored glucose levels in the circuit weight training group (CWT) group as the
training period progressed, when compared to controls. Glucose levels were lower after
an exercise session, but when all the other time points were considered, glucose levels
were still lower (0.26 mmol) on the subsequent non-exercise day. This analysis also
reveals that self-monitored glucose levels on any chosen day increased as the day
progressed from morning to evening. No significant changes were observed in glycated
haemoglobin concentration and resting blood pressure (Dunstan, et al., 1998).

Ronnemaa et al., (1986) looked at the effect of long-term physical exercise on the
metabolic control in type II diabetic patients. The exercise programme consisted of 5-7
weekly at least 45 mins periods of walking, jogging or skiing for 4 months. The
compliance to the programme was assessed from the diaries kept by the patients. No
dietary advice was given to the patients. In the exercise group glycosylated haemoglobin
Al fell from 9.6-8.6%. Patients with initially poorest metabolic control were not able to
improve their physical fitness and did not show significant improvement in metabolic
control, which goes against the literature. The results suggest that physical exercise is
beneficial for the glycemic control in patients with mild to moderate NIDDM. Increased
insulin response is at least one main mechanism of the action of exercise (Ronnemaa, et
al., 1986).

Taniguchi et al., (2000) found that exercise not only improved insulin sensitivity but also
glycemic control. The beneficial effect of exercise on insulin sensitivity and glycemic
control, however, is not a universal finding in type II diabetic patients (Halle, Berg,
Garwers, Baumstask, Knisel, Grathwohl, Konig, Keul, 1999; Ligtenberg, Hoeskstra, Bol,
Zonderland, Erkelens, 1997; Devlin, 1992). The reason for the discrepancy is not yet
fully quantified (Taniguchi, et al., 2000). One possible explanation for the discrepancy is
the difference of the time studies. Several previous studies showing negative findings
were performed 4-7 days after the last exercise session (Krotkiewski, Lonnroth,
Mandroukas, Wroblewski, Rebuffe-Scrive, Holm, Smith & Bjomtorp, 1985; Schneider,
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et al., 1984). In contrast, previous studies where exercise training resulted in an
improvement in insulin sensitivity and glucose tolerance were studies 36 hours after the
last session (Rogers, et al., 1988; Reitman, Vasquez, Klimes, Nagulesparan, 1984). It is
well recognised that improvements in insulin sensitivity resulting from an exercise
programme are mostly undetectable 3-5 days after the last exercise session (King,
Dalsky, Clutter, 1988; Heath, et al., 1983). The second possibility may be related to the
degree of the B-cell function studies, since exercise cannot substitute for the action of
insulin in patients with inadequate insulin secretion. This idea is supported by a previous
study showing that little improvements in glucose tolerance were observed in type II
diabetic patients who had marked insulin deficiency (Trovati, Carta, Cavalot, 1984;
Schnieder, et al., 1984).

Honkola et al., (1997) investigated the effect of circuit type resistance training on blood
pressure, lipids and long-term glycemic control (HbAlc) in type II diabetic subjects. The
programme consisted of a 5 month individualised progressive resistance-training
programme (moderate intensity, high volume) twice a week. The exercise group showed
improvements in total cholesterol, low-density lipoprotein (LDL) cholesterol, and
triglycerides. The difference in the change in HbAlc between the groups (0.5%%)
achieved statistical significance. Therefore suggesting that circuit type resistance training
seems to be feasible in moderately obese, sedentary type II diabetic subjects (Honkola, et
al., 1997). Insulin treated type II diabetic subjects showed the largest improvement in
glycemic control during the exercise period (Honkola, et al., 1997).

Of particular note is that exercise improved not only insulin sensitivity and glycemic
control but also lowers serum triglyceride levels without loss of body weight (Vanninen,
et al., 1992). Exercise training improved insulin action regardless of the absence of
weight loss (Eriksson, Tuominen & Valle, 1998; Hellenius, Brismar, Berglund & de
Faire, 1995). The evidence suggests that exercise training does have a beneficial effect on
glucose and insulin homeostasis and, most particularly on insulin resistance (Kelley &
Goodpaster, 1999). It appears from recent literature that exercise improves both glucose
homeostasis and insulin action independent of body weight changes (American Diabetes
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Association, 2000; O’Keefe, Miles & Harris, 1999; Kelley & Goodpaster, 1999; DagogoJack & Santiago, 1997).

The cardiovascular protective effect of regular physical activity has been attributed, in
part, to its favorable influence on conditions of the metabolic syndrome (National
Institutes of Health, 1997, U.S. Department of Health and Human Services, 1996;
Bouchard, Tremblay & Nadeau, 1990; Katzel, Bleecker, Colman, Rogus, Sorkin &
Goldberg, 1995; Despres & Lamarche, 1993;). Exercise helps patients use their
endogenous insulin more effectively. Improvements in glucose tolerance have been
shown in the type II diabetic with as little as 1 week of aerobic training (Rogers, et al.,
1988). Improved glycemic control, reflected in glycosylated haemoglobin or fasting
glucose measures, has also been documented after 6 to 12 weeks of an aerobic exercise
programme (Devlin, 1992).

Patients with high levels of insulin secretion, as indicated by high C-peptide
concentrations, improve their peripheral insulin sensitivity in response to physical
training. This reduces insulin secretion, but, nevertheless, glucose tolerance does not
improve (Krotkiewski, et al., 1985). Type II diabetes with low insulin secretion respond
to physical training with increased insulin secretion. This effect might be due to an
accompanying sensitisation of the autonomic nervous system. Peripheral insulin
concentrations remain unchanged, indicating an increased response to insulin peripherally
brings about an improvement in glucose tolerance in this patients category (Krotkiewski,
Lonnroth & Mandroukas, 1985).

Barnard et al., (1994) conducted a study in the area of diet and exercise in the treatment
of type II diabetes. The results of the study show that a very low fat, high complex
carbohydrate diet combined with aerobic exercise, primarily walking can be effective for
controlling diabetes and reducing serum lipid levels and other CHD risk factors (Barnard,
Jung & Inkeles, 1994). The programme was far more effective in controlling the disease
in patients taking no medication or oral agents compared with patients taking insulin.
These results stress the need for early emphasis on lifestyle modification in the treatment
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of type II diabetes. Similar results were shown in a study undertaken by Crockett in 1996
whereby lifestyle modifications consisting of diet combined with aerobic exercise can be
effective for controlling type II diabetes and reducing risk factors associated with macro
vascular complications in both men and women. Again the programme was far more
effective in controlling the disease in patients taking no medication or oral agents
compared with patients taking insulin. Therefore the message continues to be quite clear.
Early intervention with lifestyle management of nutrition and exercise is absolutely
essential for successful treatment of type II diabetes (Crockett, 1996).

The effect of the dietary content of fibre on the glycemic response to carbohydrates has
received the most attention. Increased amounts of dietary fibre have been reported to
lower the concentrations of plasma glucose and lipids in patents with diabetes (Rivellese,
Riccardi, Giacco, Pacioni, Genovese, Mattioloi & Mancini, 1980). Although cereal fibres
generally do not reduce postprandial plasma glucose excursion (Jenkins, Wolever,
Jenkins, Thome, Lee, Kalmusky, Reichert & Wong, 1983), they may improve glycemic
control (Rivellese, et ah, 1980), the mechanism of this effect is unknown. A pre-exercise
meal containing low glycemic index carbohydrates may be of considerable advantage to
sportsmen and women who have diabetes, because these foods lead to very little change
in circulating glucose and insulin during the hours leading up to exercise (Burr & Nagi,
1999).

Eriksson & Lindgarde (1991) tested the feasibility aspect of long-term intervention with
outpatients with an emphasis on lifestyle changes. A 5-year protocol, including an initial
6 months (randomised) pilot study, consisting of dietary treatment and /or increase of
physical activity or training with annual check ups, was completed by 90% of subjects.
This was a non-randomised study of primary prevention of type II diabetes, which
involved 41 patients with known type II diabetes and 161 subjects with impaired glucose
tolerance (IGT). Improvement in glucose tolerance was correlated to weight reduction
and increased fitness. In the type II diabetes group, more than half (53.8%) of the
participants had improved and were in remission at follow up (i.e. no longer reached
glucose levels diagnostic for diabetes). In the impaired glucose tolerance (IGT) group.
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glucose tolerance had improved in 75.8% of cases, and was even below a 2-hr value of
7.0mmol/l in 52.2% of cases; 10.6% of the IGT group had diabetes at follow up.
Therefore they concluded that long-term intervention in the form of diet and physical
exercise is feasible even on a large scale, and that substantial metabolic improvement can
be achieved which can contribute to prevent or postpone manifest diabetes. The most
valid and encouraging conclusion of this study was that an outpatient based exercise
programme could be successfully maintained for up to 5 years.

Vanninen et al., (1992) aimed to assess the effects of a 1-year intensified diet and
exercise education regimen on habitual physical activity and aerobic capacity in middle
aged obese patients with newly diagnosed type II diabetes. The results have three
implications firstly that repeated encouragement to increase physical activity and follow
up by exercise records was not sufficient to induce an improvement in VO 2 max in newly
diagnosed diabetic patients during a 12 month period. There also appears to be a
significant inverse correlation between HbAlc and aerobic capacity and finally an
association was found between the changes of aerobic capacity and HDL cholesterol that
are independent of the changes in body weight or metabolic control (Vanninen, et al.,
1992).

2.6.4 Overweight
Type II diabetes mellitus is associated with obesity. Individuals who are 20-30%
overweight are clearly at higher risk for the development of type II diabetes mellitus.
Weight reduction leads to a lowering of blood glucose and increased insulin sensitivity.
Thus, weight reduction is believed to be of importance in the treatment of type II diabetes
mellitus. The combination of diet and regular exercise has been demonstrated to be more
effective than diet or exercise alone to achieve weight reduction and thereby, improved
metabolic control.

Moderate weight loss of 10 to 20 pounds is often enough to improve insulin secretion and
insulin sensitivity and reduce hyperglycemia, dyslipemia, and hypertension (WarrenBoulton, et al., 1999). Weight loss in patients with type II diabetes tends to improve
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insulin resistance and improve glucose tolerance (Kelley, Wing, Buonocore, Sturis,
Polonsky, & Fitzsimmons, 1993).

A study completed by Pescatello & Murphy in 1998 suggested that daily accumulated,
lower intensity physical activity is advantageous for abdominal fat distribution and blood
glucose among viscerally obese older adults. A study by Wing et al., (1988), who
randomized subjects with type II diabetes to a programme of diet alone or diet and
exercise, further confirmed the possible benefits of exercise alone or combined with diet.
In this study, all subjects were given similar dietary advice. Subjects in the exercise group
in addition walked 3 miles a day, 3-4 times per week. Subjects were assessed over a 60week period. The diet and exercise group lost on average twice the amount of weight lost
by those randomized to diet alone over an initial 20-week period, and were able to
maintain this difference at 60 weeks.

Glycemic control improved in both groups to a similar extent, but in further analysis the
magnitude of improvement in glycemic control, as judged by glycated haemoglobin
levels and the degree of weight loss, were related to the amount of physical activity.
In addition, a higher proportion of subjects in the diet and exercise group (83%) were
able to reduce their drug treatment for diabetes than in the diet alone group (37%).
Although this study had a small number of subjects, the results were extremely
encouraging and showed that exercise combined with diet can lead to more weight loss,
than diet alone (Wing, et al., 1988).

2.6.5 Maximal Oxygen Uptake
Regensteiner et al., (1995) demonstrated that male and female NIDDM patients, in the
absence of known complications, have a reduced exercise capacity compared with age
and activity matched normal subjects. Even though the reported level of physical activity
were similar to that of the controls (Kunitomi, Takahashi, Wada, Suzuki, Miyatake,
Ogawa, Ohta, Sugimoto, Skikata & Makino, 2000; Regensteiner, Sippel, Me Fading,
Wolfel & Hiatt, 1995;Schneider, et al., 1992; Kjaer, et al., 1990).
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Therefore exercise intensity should be at a comfortable level (RPE 10-112) in the initial
periods of training and should progress cautiously as tolerance for activity improves
(American College of Sports Medicine, 2000). Additionally that type II diabetes mellitus
patients reached the upper limit of aerobic exercise at lower workloads compared with
healthy controls (Kunitomi, et ah, 2000).

Type II diabetics respond to regular training with an increase in maximal oxygen uptake
(Verity & Ismail, 1989) and if they can adhere to their training programmes, their fitness
improves to the same extent as non-diabetics (Holloszy, Schultz, Kusnierkiewicz,
Hagberg & Ehsani, 1987). The patients studied tended to be physically fit before training,
and only an 8% increase in VO 2 max was achieved with training (Zinman, et ah, 1984).

2.6.6 Blood Lipids
One of the most potent risk factors of the development of cardiovascular disease is an
elevated blood lipid (Schneider, Vitug & Ruderman, 1986). Type II diabetics are
predisposed to cardiovascular disease and are characterised by hyperlipemia. In non
diabetics, physical training lowers elevated cholesterol levels, triglycerides, and HDL
cholesterol levels (Haskell, 1984). In type II diabetic women, regular exercise leads to an
improved blood lipid profile within a relatively short time (months) (Verity & Ismail,
1989). However, in men of an equivalent age (60 years), no improvement was
demonstrated during a period of 2 years of physical training (Skarfors, et ah, 1987). The
explanation for these differences is not clear, but contributing factors could be sex
differences, different levels of pre-training level, and variable training intensities.

High-density lipoprotein (HDL) cholesterol levels have been showed to increase with
exercise and low-density lipoprotein (LDL) cholesterol levels have been found to
decrease with exercise (Kiln, 1999). Exercise also lowers resting blood pressure (Kiln,
1999). It was pointed out that a running programme of at least 8 mile/week is needed to
significantly increase the HDL-cholesterol levels in normal humans (Wood, Haskell, &
Blair, 1983).
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Physical training in NIDDM patients has been reported to produce anitatherogenic blood
lipid changes and to reduce other risk factors for coronary heart disease (hypertension,
obesity, coagulation abnormalities). The prophylactic value of physical exercise may be
greater in younger individuals, who have neither established atherosclerosis nor
musculoskeletal or other problems that may prevent effective exercise. In elderly patients
with relatively advanced atherosclerosis, physical training is less effective in retarding
atherogensis (White & Sherman, 1999;Skarfors, et al., 1987).

Exercise training has major effects on lowering triglycerides levels in hyperlipidemic
subjects and can potentate the effect of diet or drug therapy on glucose metabolism in
patients with NIDDM (Lampman & Schteingart, 1991).

A study by Lehmann et al., (1995) showed that a regular aerobic exercise programme at
50-70% maximal effort for 3 months led to a 20% reduction in fasting plasma triglyceride
concentrations and an increase in HDL-lipoprotein sub fraction (Lehmann, et al., 1995).
In this study there was a significant reduction in systolic and diastolic blood pressure and, more importantly, a significant fall in waist-to-hip ratio-, which were independent of
body weight and glycemic control. There were no significant changes in glycemic control
in the intervention group, although in the control group HbAlc rose by 0.6%. These
results all showed clear cut benefits but were short-term studies. Further evidence is
needed to confirm that adherence to exercise can be maintained over a longer period and
that the benefits observed in short term studies can be maintained.

2.6.7 Insulin Sensitivity
Initially athletes with type II diabetes were noticed to have reduced plasma glucose and
insulin concentrations in response to oral glucose loading with the suggestion that
exercise improved insulin sensitivity (Lohmann, et al., 1978; Bjomtorp, Fahlen &
Grimsby, 1972). The increase in insulin sensitivity with exercise has since been well
established (Koivisto, et al.,1989), and controlled studies of exercise intervention/training
have resulted in improved insulin sensitivity (Holloszy, et al., 1986), increased
carbhydrate oxidation, and reductions in body mass (Segal, et al., 1991). Hughes et al..
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(1993) showed an improvement in insulin sensitivity with training at 50-70% VO2 max,
and many studies have reported immediate changes in total glucose disposal and skeletal
muscle uptake. The preservation of the lean body tissues, in particular muscle mass, and
the reductions in fat mass appear to be significant contributors to improved insulin
sensitivity (Ivy, 1997; Devlin, et ah, 1987; Devlin, 1986).

Regular physical training results in a lower basal and a lower glucose stimulating insulin
concentration in the blood. Despite a markedly lower insulin response to a glucose
challenge, glucose tolerance is normal or improved in well-trained individuals, indicating
that tissue sensitivity and/or responsiveness to insulin is improved. Both non-diabetic
subjects and patients with type II diabetes mellitus increase their insulin stimulated
glucose disposal rate after physical training. This increased insulin sensitivity is thought
primarily to be due to an increased peripheral insulin sensitivity (skeletal muscle and
adipocyte tissue) because no changes have been observed in the hepatic glucose
production rate. Type II diabetic patients are characterised by a marked insulin resistance;
thus, improvement in insulin sensitivity as a consequence of training must be regarded as
beneficial. On this basis, it seems appropriate to encourage newly diagnosed type II
diabetic patients to

enrol

in regular exercise programmes

(Holloszy,

Schultz,

Kusnierkiewicz, Hagberg & Eshsani, 1996).

One of the most consistent findings by researchers has been that with as little as one to
three weeks of regular physical activity (20-30 minute sessions, three to five times per
week), insulin sensitivity improves 20-50 percent (Oshida, Yamanouchi, Hayamizu &
Sato, 1989; Rogers, et al., 1988; Stratton, et al., 1987; Jennings, Nelson & Nestel, 1986;
Rauramaa, 1984). This results in an improvement in blood glucose levels and cardio
respiratory fitness, even when accompanied by reductions in insulin dose by IDDM or
drug use by NIDDM patients (Stratton, et al., 1987). The rate of glucose uptake by the
body cells is increased as a result of the increase in insulin sensitivity, lowering blood
glucose levels.
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Regular exercise helps reduce hyperglycemia by improving insulin sensitivity in the
muscle and diminishing cardiovascular risk factors including hyperlipemia, hypertension,
and obesity (Warren-Boulton, et ah, 1999).

Increased participation in non-vigorous as well as overall and vigorous physical activity
was associated with significantly higher insulin sensitivity. These findings lend further
support to current public health recommendations for increased moderate intensity
physical activity on most days of the week (Mayer-Davis, D’Agostino, Karter, Haffner,
Rewers, Saad & Bergman, 1998).

Mayer-Davis et ah, 1998 suggested that vigorous activity may confer a greater
improvement in insulin sensitivity than non vigorous activity because there is greater use
of muscle glycogen as an energy substrate during vigorous activity than during mild to
moderate intensity activity. In addition, exercise training has recently been shown to
increase insulin stimulated glycogen synthesis in muscle (Perseghin, et ah, 1996). On the
other hand, there is markedly enhanced fat oxidation (whether from circulating free fatty
acids or muscle triglyceride during activity of any intensity (Romijn, Coyle & Sidossis,
1993) as well as increased transporter (GLUT-4), which is stimulated by contracting
muscle (Brozinick, Etgen, Yaspelkis & Ivy, 1992) and has been shown to increase with
exercise of between 50% and 75% of maximal capacity (Hughes, et ah, 1993). These
phenomena, along with increased delivery of insulin to active muscle related to increased
blood flow, suggest at least the potential for activity of any intensity to affect favorably
insulin sensitivity (Mayer-Davis, et ah, 1998).

In subjects who habitually exercise, it has been shown that discontinuation of physical
training is associated with a rapid loss in insulin sensitivity with acute restoration after a
single bout of exercise (Segal, et ah, 1991).

Glucose tolerance was significantly reduced after 10 days of physical inactivity. A single
bout of exercise after 11 days without exercise returned glucose tolerance to almost the
same level as in the trained state (Heath, et ah, 1983). These findings provide evidence
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that regularly performed exercise causes a somewhat greater blunting of the insulin
response to a glucose load than does a single exercise bout.

2.6.8 Skeletal Muscle
In response to physical training, muscle capillary density has been demonstrated to
increase in healthy subjects (Andersen & Henriksson, 1977), but to remain unchanged in
type II diabetic patient (Lithell, Krotkiewski & Kiens, 1985). In contrast, the capillary
density of skeletal muscle in a group of type II diabetic patients has been reported to be
comparable with non-diabetics of similar ages, and to exert a normal increase in the
number of capillaries per unit of cross sectional area in response to a 10 to 15 week
endurance training programme (Allenberg, Johansen & Saltin, 1988). These reported
discrepancies in capillary neoformation in response to physical training appear to be due
to differences in exercise intensities and duration as well as to the pre-exercise level of
capillary density. Vascular lesions, secondary to the diabetic state, may also explain the
lack of response in some patients groups (Lithell, et al., 1985).

Recent studies suggest that regular exercise is associated with an increase in the
availability of insulin responsive glucose transporters (GLUT4) in adipose tissue and
skeletal muscle (Wake, Swodn, Storlien, James, Clark, Shien, Chisholm, Kraegen, 1991).

Improvements in insulin resistance and glucose tolerance with exercise training are
highly related to an increased skeletal muscle insulin action (Ivy, 1997). Evidence has
been provided that morphological changes in muscle, particularly the capillary density of
the muscle, are associated with changes in fasting insulin levels and glucose tolerance
(Ivy, 1997).

While the mechanism remains elusive skeletal muscle continues to be identified as the
locus for the training induced reduction in whole body glucose uptake during exercise
(Coggan, Swanson, Mendenhall, Habash & Kien, 1995). This position appears largely
based upon the assumption that skeletal muscle accounts for the majority of glucose
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uptake during exercise, a result of earlier arterial venous studies across exercising limbs
(Donovan & Sumida, 1997).

Skeletal muscle is the largest mass of insulin sensitive tissue in the body and
predominates in the clearance of an oral or intravenous glucose load. Therefore, a
reduction in muscle mass could severely reduce the effectiveness of insulin to clear
glucose from the circulation. Conversely, an increase in muscle mass could increase the
available glucose storage area, thereby facilitating the clearance of glucose from the
circulation and reducing the amount of glucose tolerance (Ivy, 1997).

The increase in fat free mass (FFM), likely a result of compensatory hypertrophy,
observed in the cross training group (endurance and resistance training) is believed to be
associated with an increase in glycogen storage capacity, an enhanced insulin binding,
and a corresponding increase in insulin clearance (Fluckey, et al., 1994). Both muscular
hypertrophy (increased fat free mass) and reduced adiposity contribute to the beneficial
effects of weight training on glucose metabolism (Wallace & Browning, 1997).

In addition, exercise and training promote increased blood flow, insulin recepetor, and
oxidative and non-oxidative enzyme concentrations in muscle. Although the risk of
hypoglycemia in type II diabetes appears small, conflicting advice on concomitant
exercise and treatment with sulphonylureas is still given. Caution when undertaking
vigorous exercise should therefore be encouraged, as some reports of hypoglycemia exist
(Pierce, 1999; Gudat, Bungert & Kemmer, 1998; Riddle, Me Daniel & Tive, 1997).

2.6.9 Cellular Alterations
Several long-term studies have demonstrated a consistent beneficial effect of regular
exercise training on carbohydrate metabolism and insulin sensitivity, which can be
maintained for at least five years. These studies used exercise regimens at an intensity of
50-80% VO2 max three to four times a week for 30-60 minutes a session. Improvements in
HbAlc were generally 10-20% of baseline and were most marked in patients with mild
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type II diabetes and those who are likely to be most insulin resistant (American College
of Sport Medicine, 1998).

Muscle strips from type II diabetic subjects, incubated in vitro in the presence of
increasing insulin concentrations, demonstrate a marked decrease in glucose transport in
response to maximal insulin concentration when compared to muscles form healthy
individuals (Andreasson, Galuska, Thome Sonnenfeld & Wallberg-Henriksson, 1991).

Several long-term studies have demonstrated a consistent beneficial effect of regular
exercise training on carbohydrate metabolism and insulin sensitivity, which can be
maintained for at least five years. These studies used exercise regimens at an intensity of
50-80% VO2 max three to four times a week for 30-60 minutes a session (American
College for Sports Medicine, 1998).

Exercise results in a greater increase in plasma glucose utilization in patients with type II
diabetes, compared with that in normal individuals and this increase mediates the decline
in plasma glucose concentrations in patients with type II diabetes. Under isocaloric
conditions, the changes in plasma glucose utilization and plasma glucose concentrations
are similar during exercise of varying intensities. Despite a greater utilization,
carbohydrate and fat oxidation are similar in the two groups and their relations to exercise
intensity are not altered by type II diabetes (Kang, et al. 1999).

2.6.10 General Well-Being
Type II diabetes mellitus is becoming increasing common among older people. Many are
diagnosed with the disease from age 60 years and older. It is often difficulty to make life
style changes in this age group, even when the importance of regular exercise as a part of
daily life is emphasised by the attending physician. Patients who practice daily exercise
experience an increased sense of well-being and improved self-esteem. These effects may
be very well attributed to compliance with diet, exercise and other therapies.
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Some recent work (Swift, Armstrong, Beerman, Campbell & Pond-Smith, 1995) has
shown that among type 11 diabetic’s, who regularly participated in exercise, over half of
them selected diabetes control as the main reason for starting and continuing with
exercise.

Participation in a controlled exercise programme may also improve dietary compliance,
which can further contribute to the improvement in control. Oral glucose tolerance may
or may not improve after physical training; an improvement is more likely in those
patients with a high insulin secretary capacity, in whom insulin resistance is the major
cause of diabetes (Pickup & Williams, 1997).

2.7 Children & Adolescents
Most children with type I diabetes mellitus indicated they exercised regularly; only 2
(8%) reported less than an average of three exercise sessions per week (Rickabaugh, &
Saltarelli, 1999). It is surprising to find that most children with type I diabetes and their
parents felt it necessary to exercise on a daily basis. The emphasis on daily exercise for
children with type I diabetes may arise from the Surgeon General’s Recommendations
(US Department of Health and Human Services, 1996) or from the regimen prescribed by
specialist. But this belief is not supported by the American Diabetes Association (1997)
or the American College of Sports Medicine Diabetes and Exercise Guidelines (1997).
They have proposed that individuals with type I diabetes should follow the same exercise
frequency (3-5 times per week), intensity, and duration guidelines as individuals without
type I diabetes (Rickabaugh, 1999). To date little empirical evidence exists to support
either position due partially to the difficulty in controlling type I children and adult
diabetes.

Several studies of aerobic fitness in young diabetics have reported peak VO2 max values
not significantly different from those observed in non-diabetic individuals of comparable
age (Campaigne, et al., 1984). This fact has been reputed by Horton (1987) who states
that children with IDDM tend to be less physically fit and have lower aerobic capacity
than children without diabetes. Yet results from Marrero et al., 1988 study suggests that
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adolescents with IDDM are less fit than are non-diabetic adolescents due to lower levels
of physical activity. Clearly, the standard patient education that recommends to patients
that they exercise on a regular basis is not sufficient to motivate them to do so (Marrero,
et ah, 1988).

Dahl-Jorgensen et al., conducted a study in 1980 with a group if children with IDDM.
The children participated in a 1 -hour twice weekly-supervised exercise programme for 5
months, which was supplemented by a weekly home exercise experience. In the training
group the HbAIc values decreased during the exercise period from 15.1 +/-2.2 (mean
HbAlc%+/- S.D.) to 13.8 +/- 1.9 (2 p=0.20) (Rowland, Marth, Reiter, & Cunningham,
1992; Dahl-Jorgensen, et al., 1980; Perrson, & Thoren, 1980).

2.8 Psychological Well-Being

Psychological and physical well-being are interdependent. This interdependence is
especially apparent in adults and children with diabetes (Bradley & Gamsu, 1994). There
is good scientific evidence that physical and psychological well-being are strongly
correlated. Physical health effects psychological health (Hayes & Ross, 1986) and
psychological health affects physical health. Psychological health comprises both positive
and negative components (Me Auley & Rudolph, 1995). Whole person approaches to
patient care are needed. Physiological mechanisms, which may mediate psychological
benefits, include elevated endorphin levels, increased body temperature, changes in
respiratory patterns, increased blood flow and oxygenation of the central nervous system,
and catecholamine changes (Wankel & Berger, 1990).

Diagnosis of diabetes and the task of coping with the disorder and its complications have
major effects on people’s lives, affecting psychological as well as physical well being
(Bradley & Gamsu, 1994). Diabetes team members need to develop an understanding of
what having and coping with diabetes means for individuals. As meanings differ from
one individual to the next and may alter with changing circumstances in people’s lives.
Diabetes can affect you psychologically as well as physically. Diabetes treatment makes
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unrelenting demands, which, in severe cases, can disrupt the ordinary functioning of a
person’s life (Gordon, 1993). The psychological effects of facing a lifetime of dealing
with diabetes, and the consequent emotional and social adjustment are very well
documented by health psychologists, as is the need for patient’s education about
treatment (Dunn, 1993).

Well-being refers to more subjective internal states including how people feel physically
and emotionally and how they think and feel about their health (Stewart, Hays & Rogers,
1993). Psychological stress may be both a risk factor for developing diabetes (Bordia,
Verma & Srivastava, 1997; Themlund, Dahlquist, Hansson, Ivarsson, Ludvigsson,
Sjoblad, Hagglof, 1995) and an aggravating factor in those patients who have diabetes
(Peyrot, Me Murry, Kruger, 1999; Okada, Hamada, Ishii, Ichiki, Tanokuchi, Ota, 1995).
Many diabetic patients who exercise regularly report improvements in anxiety level,
mood, self-esteem, sense of well-being and quality of life (Rodin & Plante, 1989). The
prevalence of depression is considered to be about three times higher among people with
diabetes compared with the general population (Peyrot & Rubin, 1997; Gavard, Lustman,
Clouse, 1993).

While the proposition that mood states can have a profound effect upon physical health
has been amply documented (Dunn, Trivedi & O’Neal, 2001; Spirduso & Cronin, 2001;
Brown, Mishra, Lee & Bauman, 2000;Bradley, 1994; Byrne, 1986), and there exists a
substantial amount of evidence regarding the positive physiological consequences of
regular physical activity (Dwyer & Briggs, 1983). However, a substantial body of
evidence regarding the effect of exercise upon physical health has been neither
forthcoming nor convincing (Lichtman & Posner, 1983). Although it is generally
assumed that physical fitness serves to increase one’s sense of psychological well being,
studies attempting to investigate this relationship have yielded equivocal result. Early
studies certainly lacked sound reliable research design methods (Sime, 1987) and as such
there has been a shift towards more carefully designed studies in the area. Consequently,
there is a growing set of reliable research evidence indicating that regular exercise
alleviates negative mood states, such as depression and anxiety (Ben-Shlomo, Short,
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1983; Mobily, 1982; Martin, & Dubbert, 1982; Folkins & Sime, 1981). In line with the
literature on sex differences in psychological well-being men had more favourable scores
on positive well-being and negative well being and energy than women did (Pouwer, van
der Ploeg, Ader, Heire & Snoek, 1999).

Until recently, investigators have not considered the possibility that many positive results
may accrue because of psychological gains experienced from trying to get fit rather than,
or at least in addition to, gains attributable to physical fitness per se. Yet the rapidity of
the changes reported in most studies suggest that factors other than those stemming from
improved physical conditioning are likely to be responsible. For example, perceived
fitness, which is often uncorrelated with actual changes in VO2 max (King, Taylor, Haskell
& DeBusk, 1989) may be the crucial variable leading to improved psychological changes.
A similar finding in another domain showed that perceived health was a better predictor
of mortality 20 years later than any of the “harder” physiological variables, including
measurable cardiovascular health. To a degree, the psychological meaning of engaging in
exercise may be as important as the physical benefits. It is possible that viewing oneself
as physically fit or having the self-image of an exerciser influences self-efficacy because
exercise requires effort and commitment. Perceived self-efficacy refers to beliefs in one’s
capabilities to execute the competencies needed to have control over events that affect
one’s welfare. Engaging in exercise itself may lead to an increased sense of power and
self-determination (Robin & Plante, 1989; Kaplan & Camacho, 1983).

Evidence suggests that a person’s sense of optimism seems to promote a higher level of
physical well-being. For example, research found that optimists report fewer physical
symptoms and more positive physical, psychological, and general well-being (Recker &
Wong, 1985; Scheirer & Carver, 1985). Greater exposure to exercise participation
appears to bolster perceptions of personal capabilities (Me Auley, Lox & Duncan, 1993;
Me Auley, Coumeya & Lettunich, 1991) and this in turn leads to positive changes in
positive well being (Me Auley, 1991). The majority of studies employing training
protocols resulted in significant improvements in fitness and psychological well being,
yet the improvements appear unrelated. This may be because it is physical activity
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participation rather than fitness change than enhances positive well being or rather than
physical fitness per se may be related to improvements in positive well being (McAuley
& Rudolph, 1995).

2.8.1

Depression and Anxiety

Peyrot & Rubin (1997) set out to determine the levels of depression and anxiety
symptoms among adults with diabetes and to identify factors associated with increased
risk. Rates of disturbance for depression (41.3%) and anxiety (49.2%) were higher than
those typical in the general population (10-20%). Diabetes related complicates were the
only disease factor associated with significantly increased risk of disturbance. Women
and those with less education were at much higher risk. Therefore they suggest that
diabetes is associated with increased risk of psychological disturbance, especially for
those with more diabetes-related complications. Substantial research has suggested that
people with diabetes have higher levels of psychological disturbance, especially
depression, that exist in the general public (Gavard, et al., 1993). Duration of diabetes is
an indicator of chronic stress and is a risk factor for medical complications and
psychological disturbance (Connell, Davis, Gallant & Sharpe, 1994; Davis, Hess,
vanHarison & Hiss, 1987). There is no evidence to date to suggest that there is a positive
correlation between well-controlled diabetes over the long term and depression and
designs that incorporate covariants that use length of disease may provide fruitful
evidence for this question.

Positive well-being or emotional function is a term that has been used to describe a
cluster of negative and positive affective states. In the physical activity literature, these
states include the following constructs: depression, anxiety or tension, positive affect, and
self-esteem. There have been several recent reviews of the exercise literature on
depression and anxiety (Morgan, 1994; Byrne, & Byrne, 1993; Brown, 1992; Petuzzello,
Landers, Hatfiell, Kubitz & Salazar, 1991; North, McCullagh & vu Tran, 1990). The
conclusions from these reports are similar and support a positive relationship between
exercise and the reduction of depressive and anxiety/tension related symptoms. This
conclusion applies to both men and a woman of various ages and is independent of health
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status. North et ah, (1990) found that the largest effect size for depression were for
programmes of 17 weeks or longer, whereas in the anxiety/tension literature, the effect
sizes were largest for programmes of 16 weeks or longer (Petuzzello et ah, 1991). Studies
that concentrated specifically on reductions in anxiety depression, and/or stress among
non-clinical subjects found significant reductions in stress, anxiety and/or depression
among exercisers (Hayden & Allen, 1984; Lobitz, Brammel, Stoll, & Niccoli, 1983;
Lobstein, Mosbacher & Ismail, 1983; Blumenthal, Williams, Needels, & Wallace, 1982).
The data thus support the belief that exercise is effective in reducing negative emotional
states. Here both the immediate and longer-term benefits of exercise seem apparent
(Robin & Plante, 1989).

Byrne & Byrne, (1993) addressed the current literature (post 1975) related to
investigations of the link between exercise treatments and depression, anxiety and other
mood states. Several of the studies were carried out on individuals whom were depressed
or psychiatric before the programme started. Results from these investigations are
supportive of the anti-depressant, anti-anxiety and mood enhancing effects of exercise
programs. Overall the research evidence supports the notion that exercise has
psychological benefits for participants. The majority (90%) of studies support both the
anti-depressive properties of exercise and the effect of exercise in combating anxiety. In
addition, the studies reviewed generally substantiate the claim that improved mood is
associated with exercise. Most studies employed aerobic exercise as treatment. Dunn et
al., (2001) investigated the physical activity dose response effects on outcomes of
depression and anxiety. Observational studies demonstrate that greater amounts of
occupational and leisure time physical activity are generally associated with reduced
symptoms of depression, but there is less evidence for reduced symptoms of anxiety.

A dose response study of exercise as treatment for depression and anxiety should use
similar criteria to those used to establish treatments of pharmacotheray and psychology.
Therefore treatment plans are linked to 5 key clinical outcomes. They are 1) response, 2)
remission, goals of acute phase treatment; 3) prevention of relapse; 4) recovery, goals of
continuation phase treatment & 5) prevention of recurrence, the goal during maintenance
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phase treatment. Response is generally opertionalised and defined by clinical practice
guidelines as a 50% reduction in symptoms during the acute phase of treatment (Dunn, et
al., 2001). Additionally to determine if exercise operates in a dose response fashion it
needs to influence well-being and to postpone dependency (Spirduso & Cronin, 2001).

2.8.2 Overall Benefits
Physical activity may improve mood and improve self-esteem and as a result contribute
to better control of food intake (Schnedier, et al., 1984). The popular notion is that
exercise enhances mood, self-concept, and a general psychological well being. People
commonly report a reliance on exercise as a means of maintaining a wealth of
psychological benefits (Robin & Plante, 1989). Jasnoski & Holmes, (1981) studied 103
college females before and after a 15-week aerobic training programme. They found that
participation in the programme resulted in subjects appearing less inhibited, more
imaginative, and more self-assured. Greater aerobic performance was also significantly
associated with more freethinking and less tension. Stewart et al., 1994 investigated
whether levels of physical functioning of patients with various chronic diseases (1,758
patients) were associated with subsequent functioning and well being (Stewart, et al.,
1994). It was an observational 2-year longitudinal design. Higher baseline levels of
exercise were uniquely associated with better functioning and well being at baseline and
2 years later for some measures. The magnitude of the differences varied by diseases
group, but tended to be between 0.17 and 0.39 of the baseline standard deviation. Greater
levels of exercise were associated with feeling and functioning better for patients with
chronic conditions over a 2-year period suggesting that this is a fhiitful area for future
study using controlled interventions. Exercise improves self-concept, self-esteem and
self-assurance. The research also implies that exercise improves creative or freethinking
(Plante & Robin, 1990).

In a study, older Type I diabetics (mean age, 56 yr.) with higher levels of physical
activity enjoyed better physical functioning, greater energy/less fatigue, less pain, greater
psychosocial well being, and less distress than those low in physical activity. Because the
Health Related Quality of Life (HRQL) scores for both high and low active participants
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were in the healthy range, these data suggest that when exercise influences HRQL, it does
so by enhancing an already healthy state. The associations reported in many of these
studies tend not to be dependent upon changes in fitness (Rejeski, Brawley & Shumaker,
1996).

Nordemar et al., (1976) reported that increased physical activity also has the potential to
reduce feelings of tiredness. Interestingly, in the general exercise literature, it is argued
that one of the most dramatic effects following acute bouts of aerobic activity is an
increase in energy (Rejeski & Shumaker, 1994; Thayer, 1989).

2.8.3

Glucose Control

The influence of stress on the control of diabetes has been confirmed (Gonder-Frederick,
Carter, Cox & Clarke, 1990; Halford, Cuddihy & Mortimer, 1990). It is recognised that
psychopathological conditions such as depression and anxiety, cannot only have a
negative impact on the quality of life of people with diabetes, but also on their treatment
adherence and glycemic control (Lustman, Griffin, Freedland, Kissel, Clouse, 1998;
Rubin, et al., 1993). Pouwer et al., (1999) found that self reported HbAlc showed low
significant correlation’s with trait anxiety (0.12), Hospital Anxiety and Depression Scale
(HADS) Depression (0.11), and Energy (-0.10), while displaying non-significant
correlation’s with negative well being (NWB)(0.09), positive well being (PWB)(-0.01),
and HADS Anxiety (0.07). In both groups of patients with type I and type II diabetes,
these correlation’s were in the same direction and range but were no longer significant
(Pouwer, et al., 1999). Concerning glycemic control, they found that self reported HbAlc
showed only weak negative associations with psychological well being (Pouwer, et al.,
1999). Interestingly, these results corroborated the findings of other studies that used
independent measures of glycemic control (Bott, Munlhauser, Overmann, Berger, 1998;
Wredling, Stalhammer, Adamson, Berne, Larsson & Ostman, 1995). The consistently
low correlation between the psychological well-being scales and glycemic control might
be because general well-being is affected by a variety of factors apart from glycemic
control (Bott, et al., 1998).
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Langewitz et al., (1997) found that an outpatient teaching programme of intense
functional insulin therapy for 1 year improved metabolic control and both anxiety and
depression decreased significantly (Langewitz, Wossmer, Iseli & Berger, 1997).

2.8 4 Physical Activity
Survey research with different populations has also indicated that there is general
acceptance that sport has positive value both for the individuals and the society (Me
Pherson, Curtis & Loy, 1989). Spirduso & Cronin, (2001) set out to determine if exercise
operates in a dose response fashion to influence well-being and to postpone dependency.
In large sample correctional studies and prospective longitudinal studies, researchers
consistently report that measures of physical function in older adults are related to
feelings of well being, and that old adults who are physically active also report higher
levels of well being and physical function.

Me Auley & Rudolph, (1995) examined the effects of exercise and physical activity on
the psychological well being of older adults. Overall, the results of 38 studies reviewed
are overwhelmingly positive, with the majority reporting positive associations between
physical activity and psychological well-being. 21 of these studies reported exercise
training

programmes

as

being

associated

with

positive

changes

in

aerobic

capacity/physical fitness, ranging from a 5% increase in VO2 max (Ring, et al., 1993) to a
16% increase in VO2 max (Pierce, Madden, Siegal & Blumenthal, 1993). This relationship
appears to be moderated by the length of the programmes; longer programmes
consistently report more positive results (10-20+ weeks). In a North American sample,
Stephens, (1988), conducted a cross sectional analysis of data combined from surveys
conducted in the United States and Canada and found that higher levels of physical
activity were associated with little or no symptoms of anxiety and depression. In
individuals performing moderate amounts of physical activity, there was a decrease in
depressive symptoms, and this was particularly true for women and older populations.
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Table 2.8 Effect of Exercise on Overall Psychological well-being

Study

1)

Holmes,

1981

Sample

103

females

Length

of Type

of Results

Study

Intervention

15 weeks

Aerobic training

Less

inhibited,

more

college

imaginative, more self assured,

students

more free thinking and less
tension

2) Stewart et

1,758 patients

al., 1994

2

year

Levels of exercise

Higher

levels

of

physical

longitudinal

activity better functioning &

study

well

being,

improves

self

concept, self esteem ad self
assurance
3) Rejeski et

Older type I -

Higher

al., 1996

mean age 56

activity

years

greater energy, less fatigue, less
pain,

levels

of

better

physical

functioning,

greater psychologically

well being and less distress
4) Langewitz

Older

et al., 1997

individuals

1 year

Outpatient

Improved

teaching

both anxiety and depression

programme

of

metabolic

control,

decreased significantly

intense functional
insulin therapy
5) McCann &

Women

10 week

Aerobic

exercise

Decrease

in

depression

Holmes, 1984

programme

decrease in stress

6) Brown &

Physical exercise

Escape

Lawton, 1986

stress

and

induced

disturbances in physical and
psychological well being

Exercise should be integral part of the management of many psychiatric and
psychological conditions. The beneficial effect of exercise goes far beyond the
catecholamie profiles and release of endogenous opiates (Morrissey, 1997). Many of
these are social psychological benefits. These are often overlooked and easy to quantify
by research, e.g. self esteem enhancement, perceptions of mastery, and, last but not last,
the benefit of social interaction with other people which is important in helping people to
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feel that they are not isolated or unusual (Kiln, 1999). Martinsen, (1990) showed that
regular exercise had a direct antidepressant effect as well as a beneficial effect in anxiety
management.

2.8.5

Stress

The salutary effects of exercise are not limited to physical health, but extend to the realms
of emotional well-being as well. A number of investigations have found that subjective
reports of well-being are greater among persons who adhere to a regular programme of
physical fitness training (Berger, 1984; Folkins & Sime, 1981). In particular, reductions
in depressed affect and anxiety are commonly reported following acute physical activity.
For instance. Me Cann & Holmes, (1984), recently reported that depressed women
assigned to an aerobic exercise programme evidenced greater decreases in depression
over a 10 week period than did controls or subjects assigned to a relaxation treatment.
Since life stress increases negative affect whereas exercise decreases it, it is possible that
exercise may moderate the relationship between stress and emotional distress. Many
individuals are stress responsiveness, and the release of stress induced counter regulatory
hormones can dramatically affect their glycemic control (Peyrot, et al., 1999).

Brown & Lawton, (1986), found that those who routinely engage in physical exercise,
escape stress-induced disturbances in physical and psychological well-being. Stress had a
substantial debilitating effect on physical and emotional health among persons who
reported exercising infrequently but not among those who reported exercising regularly.
Among the variables implicated as moderators of the stress illness relationship are an
individuals coping style, the quantity and quality of one’s social relationship (Cohen,
McKay, 1984) and a belief in one’s ability to masters and control stressful experiences
(Kobasa, 1979). Self-efficacy refers to the confidence an individual has to change or
maintain a certain action or behaviours (Ajzen & Fishbein, 1980) and is key to several
theoretical health behaviour models. Self efficacy is closely linked to the concept of
intentions in helping explain health behaviours in that it is not sufficient for an individual
to intend, or want, to become more physically active. That individual must also believe
that he or she has the capabilities to do so. A number of researchers have found that self
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efficacy has been shown not only to correlate with physical activity behaviour but
actually to predict weekly physical activity participation (Harold, Kohl & Hobbs, 1998;
Trost et ah, 1996; Zakarian, Hovel, Hofsteter, Sallis & Keating, 1994;Reynolds, Killen,
Bryson et ah, 1990).

It has been postulated that stress may affect diabetes control either directly through the
stress hormones affecting blood glucose levels and insulin metabolism, or indirectly,
through stress leading to changes in self care behaviour (Smoke & Skinner, 2000). A
number of studies have found an association between stress and glycemic control
(Goldston, Kovacs, Obrosky & lyenger, 1995; Hanson, Schinkel, De Guire & Kolterman,
1995; Aslander, Budd, Rogge & Santiago, 1993; Balfour, White, Schriffln, Dougherty &
Dufrense, 1993;) although some studies despute these findings due mainly to the smaller
sample sizes or the use of invalidated measurement control. However, together with the
adult literature, this data has led to the widely accepted conclusion that diabetic control is
affected by stress in a person’s life, although these studies do not resolve the mechanisms
of influence.

There is an issue, which clearly needs resolving if the role of stress in diabetes control is
to be illuminated. In addition to individual differences in reactivity, some evidence
suggests that there may be substantial variation in the types of stresses people response to
(Halford, Cuddihy & Mortimer, 1990). These results, which replicate work with adults,
suggest that in a stress reactive subgroup of individuals, stress mainly affects blood
glucose control through direct physiological mechanisms, although there may be also a
small indirect effect on control via health behavior. Therefore it seems reasonable to
conclude that offering stress management training interventions to all would not be cost
effective. These approaches should be targeted at a stress reactive minority (Skinner,
Channon, Howells & McEvilly, 2000).

The interaction between stress and coping is very important. Nakumara & Kanematsu,
(1994) found that more stressed adolescents were more likely to cope by using more
ventilation, eating, avoiding home and praying. When looking at their self care behaviors.
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it was these coping strategies in combination with high stress that were associated with
poorer self care. Similarly, when predicting diabetes control, it was those young people
who had low stress and higher coping scores that had better control (Skinner, Channon,
Howells & McEvilly, 2000).

2.8.6

Considerations

Active leisure lifestyle, promotes health because participation in various leisure activities
is geared towards seeking intrinsic rewards through use of one’s cognitive, physical or
social skill. When people participate in self-chosen leisure activities that challenge them
physically and mentally, a sense of self-determination is experienced and developed; that
is, they feel they are in control of their behaviours and lives, their actions emanating from
themselves. This sense of self-determination is invariably accompanied by positive affect
and mood states (Iso-Ahola, 1997).

There is a lack of clarity concerning the physiological mechanisms, which may mediate
beneficial psychological effects of activity (Morgan & O’Connor, 1988). Both depression
and anxiety have a biochemical basis that is found in the brain (U.S. Department of
Health, and Human Seiwices, 1999). For this reason, dose-response effects of exercise are
biologically plausible. Depression is associated with low levels of norepinephrine, and
exercise increases this neurotransmitter (Folkins & Sime, 1981).

In general, the training regimens documented in most of the studies reporting positive
changes in positive well being in the present review were of moderate intensity (Me
Auley, 1991; King, et al., 1989). The results of studies lend support to the notion that
moderate physical activity can improve mood and well being immediately following an
exercise workout while high intensity exercise might actually increase negative mood
states such as tension and anxiety (Plante & Robin, 1990). Several researchers have
reported positive psychological effects of activity programmes even when the activity
level was not sufficient to produce an aerobic training effect (Berger, 1984; Brown,
1992). There was no threshold of physical activity at which health benefits increased
significantly (Brown, et al., 2000).
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Although almost all investigators assume that habitual exercise may improve
psychological well being, and some intervention studies document this, it may also be
true that a strong sense of well-being is necessary to comply with a habitual and intensive
programme (Ruuskanen, & Ruoppila, 1995). Lloyd & Orchard, (1999) indicated that
even though the diabetic subjects believed that exercise would be of more benefit to their
condition than careful diet or regular glucose testing, because they did not believe that
they were capable of exercising as prescribed, therefore they did not adhere to exercise
regimens. Studies increasingly demonstrate that exercise deserves respect as a legitimate
treatment alternative (Segall, 2001).

2.9 Physiological Components Analysed

2.9.1 Glucose testing

Until the advent of home blood glucose monitoring, urine glucose testing was the chief
day to day method of assessing diabetic control, the rationale being that urine glucose
reflects mean blood glucose levels over the time the urine was collected. Glucose is
freely filtered at the renal glomerulus and actively reabsorbed in the proximal tubule. The
re-absorption is limited, the maximal limit being the renal glucose threshold, which is
exceeded when the blood concentration is, on average >10 mmol/1. Glycosuria thus
occurs when the blood glucose level exceeds 1 Ommol/1, and from this point urine glucose
concentrations should be proportional to the increasing hyperglycemia. Non-specific
Benedict’s reagent tests and specific glucose oxidize strips are available for urine glucose
estimation. Although urine testing is painless and less expensive than blood glucose
monitoring, it is undesirable and misleading for several reasons (American Diabetes
Association, 1996).
1. The renal threshold is high in some individuals, such as those with long-standing
diabetes, so that marked hyperglycemia may exist without glycosuria.
2. The threshold is low in some people, such as in pregnancy and in children, so that
glycosuria may occur with a normal blood glucose concentration.
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3. The renal threshold varies between patients (including the above groups) but also
changes in the same individual over time.
4. Fluid intake and urine concentration affect urine results.
5. The result does not reflect the blood glucose level at the time of testing but the
average over the time of urine accumulation in the bladder. Automatic dysfunction in
diabetes may also lead to a mixture of recently formed and stagnant urine.
6. A negative urine test cannot distinguish between hypoglycemia, normoglycemia and
moderate hyperglycemia (i.e. up to about lOmmol/1).
7. Urine testing is less accurate than with a blood glucose meter.
8. Some drugs may interfere with urine testing.

Many studies have shown that urine testing is a poor method of assessing glycemic
control, giving only the crudest notion of the level of control (Hayford, Weydert, &
Thompson, 1983; Tattersall & Gale, 1981). Urine glucose testing is still recommended
for those who are unable or unwilling to perform blood glucose testing, (American
Diabetes Association, 1996), on the basis that some testing is better than no testing.
Second voided specimens offer no advantages in most patients over first voided urine
samples (Davidson, 1981).

Self-monitoring of capillary blood glucose by patients at home has become an integral
part of modem intensified treatment of IDDM patients (Pickup and Williams, 1997).
Most modem analyzers and test strips for home blood glucose monitoring depend on
specific enzymatic methods, mostly based on glucose oxidize:

Glucose Oxidase
Glucose + O2 __________^

•

Gluconic acid + H2O2

Hydrogen peroxide can be detected by a peroxidase dye indicator (Trinder method) 9

Peroxidase

Olive Fanning M.Sc. Health, Fitness & Leisure

111

Review of Related Literature

H2O2 + reduced dye

-► Oxidised dye + H2O
(Colored)

Immobilization of the enzymes onto solid phase carriers as dry reagent strips (Walter,
1983, Stable, 1984) has revolutionized blood glucose monitoring and allowed near
patient testing by health professionals and self-monitoring of finger prick capillary blood
by patients themselves. The common construction is a support material such as plastic, a
reflective zone of pigments or foil and a reagent zone of paper or synthetic fibre, which
may include trapping and separating layers. The colour produced is measured by diffuse
reflectance photometry or by comparison with a color chart.

Although it is desirable that all patients receiving insulin perform routine blood glucose
self-monitoring (American Diabetes Association, 1996), only about 40% of IDDM and
30% of NIDDM patients in the USA do so (Harris & Cowie, 1993, Tuttleman, Lipsett &
Harris, 1993; Harris, 1990). Amongst the hindrances to the increased use of self
monitoring are the discomfort of finger prick blood sampling, the inconvenience of
testing in terms of time and complexity, the high cost in some countries where there is no,
or only partial, reimbursement or health service provision of supplies, and poor education
of patients and health care professionals about benefits (National Steering Committee for
Quality Assurance in Capillary Blood Glucose Monitoring, 1993).

Benefits of blood glucose self monitoring
1. More accurate and patient acceptable than urine tests for glucose
2. Provides information for feedback control of insulin delivery
•

On a day to day basis, by the patient

•

In the long term, by the physician

3. Defines the level of glycemic control achieved
•

For research

•

For routine clinical assessment

4. Identifies hypoglycemia
•

Impossible with urine testing
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•

Particularly valuable in patients with loss of hypoglycemia awareness

5. Acts as an educational aid
6. Increases patient participation, motivation and interest
7. Reinforces the patients feeling of being “in control” thus offering independence,
shared responsibility and self confidence
8. Allows the patient to relate level of control to feeling of well being
9. Improves quality of life
10. May reduce hospital admissions

Measures of long-term glycemic control
Adult human haemoglobin is heterogeneous, and as early as 1958 three minor
components, which are more negatively charged than unmodified haemoglobin (HbAO),
were separated by ion exchange chromatography and called HbAla, HbAlb and HbAlc,
in order of their eluction from the column (Allen, Schroeder & Balog, 1958). Rahbar
(1996; 1968) later showed (using gel electrophoresis) that these minor haemoglobin
components were elevated in diabetes.

It is now recognized that the haemoglobin moieties increased in diabetes are post
transitional modifications of HbA formed by the slow non-enzymatic covalent attacliment
of glucose and other sugars to haemoglobin. These are now most commonly called
glycated haemoglobin(s) but the term glycosylated and glycohaemoglobin are also used.
The degree of haemoglobin glycation is used as a measure of the average glycaemia over
the preceding weeks and months (Goldstein, Little & Lorenz, 1995; Goldstein, Little,
Wiedmeyer, England, Rohlfmg, Wilke, 1994; Fluckiger & Mortensen, 1988).

Three species of glycated haemoglobin are measured in clinical practice. HbAl is a series
of glycated variants where various carbohydrates are attached to the N-terminal valine of
the B-chain of haemoglobin - either fructose 1,6-diphosphate (HbAlal), glycose-6phosphate (HbAla2) or glucose (HbAlc) or an unknown sugar (HbAlb). The largest
component (60-80%) is HbAlc and is frequently measured on its own.
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Total glycated haemoglobin (GHb) can be measured by several methods including gel
eletrophoresis and isoelectric focusing, low pressure and high performance ion-exchange
liquid chromatpgraphy,

immunoassay, affinity chromatography and colorimetric

procedures. An important methodological problem is that, for many reasons, the
reference range for GHb and the value for a given sample are not interchangeable
between laboratories (Steffes, 1995; Little, Wiedmeyer, England, Naito, & Goldstein,
1991). Data from the Wales External Quality Assessment Scheme (WEQAS) for glycated
haemoglobin, which monitors the performance of most laboratories in the UK, shows that
over 90% of laboratories are now reporting HbAlc measured by 12 different methods
(Thomas, 2000). Because of the different species measured, for example, variations in
reaction conditions, the lack of a suitable standard and varying interference from non
glucose adducts can have an effect on the results particularly carbamylation in uraemia,
but also penicillin, aspirin and metabolites in alcoholism (Pickup & Williams, 1997).

More frequent self-monitoring of blood glucose levels was associated with clinically and
statically better glycemic control regardless of diabetes type or therapy (Karter,
Ackerson, Darbinain, D’Agostino, Ferrara, Liu, & Selby, 2001). Self-monitoring of blood
glucose, record keeping, and assessment of BG response to initial insulin adjustments
allows fine tuning of strategies for maintaining optimal control during activity (Hayes,
1997). A recent observation study demonstrated better glycemic control with increased
prescriptions for glucometer strips in 258 patients with type I diabetes (0.7 points lower
HbAlc level per strip per day) but failed to find a significant association in 290 patients
with type II diabetes who were treated with insulin (Evans, Newton, Ruta, & Mac
Donald, 1999).

Monitoring your own blood glucose is one of the best ways to prevent a blood sugar
emergency. The beauty of self-monitoring is that it can be done anywhere, anytime- even
on an exercise track. It’s vital information tool for person who want to maintain daily
control over their condition (Gordon, 1993). When monitoring blood glucose, it is
important to consider not only the absolute glycemic levels but also the rate at which any
change in glycemia may occur (Wasserman & Zinman, 1995).
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Diabetic control signifies the extent to which metabolism in a patient deviates from that
in a non-diabetic subject (Pickup, & Williams, 1997). Quantification of metabolic control
in diabetes has assumed new importance since definite evidence has been produced that
improving control, in the sense of bringing glucose control close to normal, decreases the
risk of developing diabetic complications (DCCT Research Group, 1993). There is a
marked correlation between glycemic control of diabetes as measured by glycosylated
haemoglobin (HbAlc) testing and the cost of medical care. Medical care charges increase
significantly for every 1% increase in HbAlc level above 7% (Gilmer, O’Connor,
Manning, & Rush, 1997).

Diabetes Control and Complications Trial, (1993) demonstrated an association between
increasing risk of the development of tissue complications of diabetes and higher HbAlc
value in individuals with Type I diabetes. These findings have been replicated by the UK
Prospective Diabetes Study (UKPDS) Group 1998 in Type II diabetes. Both studies
showed a reduction in risk associated with reduction in HbAlc. In the DCCT, a sustained
reduction of HbAlc from 9.0 to 7.0% over 6.5 years led to a reduction in the risk of
developing retinopathy of 76%, of micro albuminuria 39% and neuropathy 60%. The risk
of developing any microvascular complication of diabetes was reduced by 25% in the
UKPDS, where HbAlc was lowered from 7.9 to 7.0% over 10 years by intensive
management.

Several previous studies have analyzed the relationship between blood glucose (BG) and
HbAlc. Svendson et al., (1982) assessed 15 subjects with type I diabetes who collected
seven point BG profiles over a 5-week period (three profiles per week) and used a
curvilinear equation to correlate BG and HbAlc (Svendson, Lauritzen, Soegaard &
Neurp,

1982). Nathan, Singer, Hurxthal & Goodson, (1984) obtained repeated

preprandial and post prandial BG samples from 21 subjects with type I diabetes over an
8-week period and used a linear regression equation to describe the relationship between
BG and HbAlc. In the DCCT, the correlation between HbAlc and mean BG was initially
determined in a limited number of patients (n=278) for the feasibility study (The Diabetes
Control and Complications Trial Research Group, 1987). However, a comprehensive
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analysis of the relationship of BG and HbAlc, examining BG at different time points and
using the entire data set, was never performed. So Rohlfmg et ah, 2002 set out to examine
the relationship between BG (converted to plasma glucose (PG)) and HbAlc using data
obtained from the entire DCCT data set to better define the relationship (Rohlflng,
Wiedmeyer, Little, England, Tennill & Goldstein, 2002). They found that fasting PG
alone should be used with caution as a measure of long-term glycemia. Fasting PG
tended to progressively underestimate HbAlc at increasing PG levels. The data also
suggested that postmeal PG contributes appreciably to HbAlc; however, all post meal
times are not equal in their contribution. Post-breakfast levels markedly over estimate
HbAlc whereas post lunch levels show a relationship to HbAlc. A previous study of
patients with type II diabetes also found that post lunch PG is a better indicator of
glycemic control than fasting PG (Avignon, Radauceanu, Monnier, 1997).

The ADA currently recommends that patients with diabetes attempt to achieve average
prepradial PG levels of 5.0-7.2 G/1 and average bedtime PG levels of 6.1-8.3 mmol/1 as
well as HbAlc <7% (American Diabetes Association, 2001). Rohlfmg et al., 2002 show
estimated average pre-prandial PG and bedtime PG levels of 8.7 and 9.2 mmol/1,
respectively, at 7% HbAlc. This data suggest that patients who consistently achieve
ADA recommended BG and PG targets will also achieve an HbAlc levels <7%.

Education must include about how to monitor and interpret blood glucose levels, and how
to adjust diet and insulin accordingly; the effects on blood glucose of exercise, stress and
illness must be explained. It is increasingly recognized that it is not enough to concentrate
solely on glycemic control, attention needs to be paid to other factors linked with micro
vascular complications such as obesity, smoking, hyperlipidaemia and hypertension
(Hale, 1992; Merrin, 1992). Patient knowledge is poor in routine clinical practice,
resulting in ignorance with regards to diabetes. Knowledge is generally assumed to be a
prerequisite of preventive health behaviour and can motivate patients for an active role in
its treatment (van den Arend, et al., 2000).

Olive Fanning M.Sc. Health, Fitness & Leisure

116

Review of Related Literature

The success of any self-care regimen will depend heavily on patient’s satisfaction and
sense of physical and psychological well being (Bradley & Gamsu, 1994). A person’s
choice of treatment regimen, and the extent to which they incorporate it into their daily
lives will be influenced by such factors as self image, relationships with others, and life
events. Education and knowledge about the importance of diabetes control are crucial.
However, the rewards of flowing treatment recommendations are uncertain and in the
future it may be in competition with more certain and immediate rewards of “living for
the day”. Treatment regimens can at times seem demanding, restrictive, painful, and
embarrassing (Bradley & Gamsu, 1994).

2.9.2

Ratings of Perceived Exertion - RPE

The realization that physical performance emanates from a complex interaction of
perceptual, cognitive and metabolic processes occurred a long time ago (Borg, 1962).
Perceived exertion is now recognized to play an important role in regulating the exercise
intensity. The reasoning behind the use of what appears to be “cardboard technology” is
that human’s posses a we 11-developed system for sensing the strain involved in physical
effort. This system is in constant use. All of us have experienced vigorous physical work
and have sensed whether we are able to continue or have to stop. Furthermore, during a
bout of work, we are able to report both current, overall feelings of exertion and the locus
of particular strain (say, in the chest or arms).

Maximal heart rate values vary greatly among individuals during exercise testing.
Therefore, it is helpful to be able to evaluate ratings of perceived exertion to assess
whether or not a test is truly maximal; and to assess when maximum exercise is being
approached. This may be even more important if patients are taking medications that
restrict heart rate response to exercise. The perceived exertion scales provide methods to
quantify subjective exercise intensity. RPE from the category scale correlates closely
with several exercise variables, including percent VO2 peak, percent heart rate reserve,
minute ventilation, and blood lactate levels. In normal individuals, heart rate will
approximate RPE x 10 + 20 to 30 beats.min*' for RPE’s of 11 and 16 and heart rates of
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130 to 160, values in the typical intensity range for training. RPE’s from 11 to 16 will
also approximate a relative exercise intensity ranging from 50 to 75% of maximal METs.
Numerous clinical studies have demonstrated that the category RPE scale is a
reproducible measure of exertion within a wide variety of individuals regardless of age,
gender, or cultural origin. The validity of RPE for estimating relative exercise intensity is
also unaffected by beta blockade.

Investigators who have examined the relationship between perceived exertion ratings and
the indices of relative intensity discussed above (%V02 max, %HR max etc.), for graded
exercise testing have generally reported high and positive correlation values (R=0.85
plus). Pollock, Foster, Rod & Wible, (1982), compared the validity of the RPE scale for
predicting exercise intensity with the two HR methods in young adult, old adult and
cardiac patients. They observed that the % HR max method coupled with RPE was a
much better indicator of exercise intensity and that the differences in RPE were greatly
diminished at equivalent % HR max levels (Williams & Eston, 1996). Rejeski, Best,
Griffin & Kenny, (1987), demonstrated that feminine typed males reported significantly
more negative affect and higher RPE’s than androgynous or masculine typed males
whilst working at 85% VO2 max-

During most exercise testing, the category RPE scale is an accurate gauge of impending
fatigue. Most individuals rate the ventilatory threshold (60 to 75 VO2 peak) as somewhat
hard or hard (RPE 13 to 16) and reach the subjective limit of fatigue at an RPE of 18 to
19 (very, very hard)(Borg, 1977). However, clinical experience indicates that 5 to 10% of
persons unfamiliar with the scale tend to underestimate or suppress RPE below expected
levels during the early and middle stages of testing. Three learning trials appear sufficient
to reduce most errors of rating and will permit RPE to also be used as an adjunct to heart
rate for monitoring exercise intensity. Test clinicians should attempt to provide a nonjudgemental and supportive atmosphere to minimise respondents concerns over
evaluation.
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An important consideration of the plausibility of determining exercise intensity through
perceived exertion is that much of the research in this area has been undertaken in
controlled laboratory conditions (Williams & Eston, 1996). Whilst the correlation
between physiological information and perceived exertion ratings measured in an
exercise physiology laboratory for both response and production methods are usually
high, 25% of the variance in the relationship between the two methods remains
unaccounted for (Williams & Eston, 1996).

To reduce problems of misinterpretation of RPE for clients and patents, it is important to
use the standardised instructions. Customised instructions may be needed for special
applications of RPE, but the following are recommended for graded testing:
During the graded exercise test we want you to pay close attention of how hard you feel
the work rate is. This feeling should be your total amount of exertion and fatigue,
combining all sensations andfeelings ofphysical stress, effort, andfatigue. Don 7
concern yourself with any one factor such as leg pain, shortness of breath or exercise
intensity, but try to concentrate on your total, inner feeling of exertion. Do not
underestimate or overestimate, just be as accurate as you can.
(American College of Sports Medicine, 1991).

Individuals with type II diabetes may have a maximal heart rate 10-15 beat per minute
lower than that suggested for their age group. Therefore the use of analog scales such as
the Borg scale of perceived exertion can prove surprisingly reliable (Schneider, 1997).
Using heart rate as the only means to monitor intensity may be unsuitable for some with
type II diabetes (American College of Sports Medicine, 2000). The presence of
autonomic neuropathy may make the pulse rate an unreliable measure of exercise
intensity (Kiln, 1999).

2.9.3

V02niax

Cardiorepsiratory endurance is defined as the ability to perform large muscle, dynamic,
moderate-to-high intensity exercise for prolonged periods (American College of Sports
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Medicine, 1995). Performance of such exercise depends on the functional state of the
respiratory, cardiovascular, and skeletal muscle systems. Cardio respiratory endurance is
considered health related because a) low levels of fitness have been associated with
markedly increased risk of premature death from all causes and specifically from
cardiovascular disease, and b) higher fitness is associated with higher levels of habitual
physical activity, which is, in turn, associated with many health benefits.

There is an upper limit to the oxygen that is consumed during exercise requiring maximal
effort. Thus upper limit is defined as maximal oxygen uptake (VO2 max), which is the
maximal rate at which an individual can take up and utilize oxygen while breathing air at
sea level (Astrand & Rodahl, 1986). VO2 max is a measure of the functional limit of the
cardiovascular system and the best index of exercise capacity (Fletcher, Balady,
Froelicher, Hartley, Haskell & Pollock, 1995).

The size of an individuals VO2 max is determined by several factors, the most prominent of
which are age, sex, height, weight, habitual levels of physical activity, and inherited
factors (Astrand & Rodahk, 1986). The genetic constitution is by far the most important
influence on the maximum amount of oxygen a person can use during exercise,
contributing up to 90% of an individuals VO2 max (Klissouras, Pirany & Petit, 1973).
Healthy untrained girls and women have much lower VO2 max values (20 to 25% lower)
than healthy untrained boys and men (Wilmore & Costill, 1994).

The traditionally accepted criterion measure of cardio respiratory endurance is directly
measured maximal oxygen uptake (VO2

max)-

Measurement of VO2

max

involves analysis

of expired air samples collected while the subject performs exercise of progressing
intensity. For the purpose of evaluating cardio respiratory endurance, VO2 max values are
typically expressed relative to body weight (i.e. ml.kg-l.min’'). The VO2 max (ml kg-lmin'
*) is therefore considered to be a weight-adjusted expression of VO2 max where the effects
of differences in body mass have been factored out (Cooke, 1996). Because direct
measurement of VO2 max is often not feasible, many procedures for estimation of VO2 max
have been developed. These test have been validated by examining; a) the correlation
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between directly measured VO2 max and the VO2 max estimated from physiological
responses to sub-maximal exercise (e.g. heart rate at a specified power output), or b) the
correlation between directly measured VO2 max and test performance (e.g., time to run 1
mile or time to volitional fatigue using a standard test protocol).

While maximal effort test must be used to measure VO2 max sub-maximal exercise test can
be used to estimate VO2 max (American College of Sports medicine, 1995). Estimating
VO2 max from maximal exercise intensity is considered to be the next most accurate
method. It has the disadvantage, however, of requiring participants to exercise to the
point of volitional fatigue. As a result sub-maximal exercise test can be more useful and
applicable in clinically settings to estimate VO2 max due to the fact that individuals would
not be in a position to exercise to exhaustion.

Sub-maximal exercise tests make certain assumptions
•

That a steady state heart rate is obtained for each exercise work rate

•

That a linear relationships exits between heart rate and oxygen uptake (or work rate if
VO2 max is not measured)

•

That the maximal heart rate for a given age is uniform

•

That mechanical efficiency (i.e. VO2 max at a given work rate) is the same for
everyone

There is error associated with the prediction of VO2 max using sub-maximal test
procedures. Some of the reason for this are: assumptions of linearity in the heart rate
oxygen uptake relationship for all subjects, decline and variation in maximum heart rate
with increasing age and variations in mechanical efficiency. In addition, there are factors
which affect the heart rate responses to a given exercise intensity, but not maximal
oxygen uptake, such as anxiety, dehydration, prolonged heavy exercise, exercise with a
small muscle mass and exercise after consumption of alcohol (Cooke, 1996). In
conclusion, whatever form of sub-maximal test is adopted, whether it is based on either
the work-heart rate relationship or the oxygen uptake heart rate relationship, extreme
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caution should be used in the interpretation of predicted maximal oxygen uptake scores
(Cooke, 1996).

It is not surprising to find that VO2 max increases substantially in response to endurance
training. Increases of 4 to 93% have been reported (Pollock, 1973). An increase of 15 to
20% is more typical for an average person who was sedentary prior to training and who
trains at 75% of his or her capacity 3 times per week, 30 min per day, for 6 months
(Pollock, 1973). The higher the initial state of conditioning, the smaller will be the
relative improvement for the same program of training (Wilmore & Costill, 1994). A
VO2 max increase substantially following training, but the amount of increase possible is
limited in each individual. The major limiting factor appears to be oxygen delivery to the
active muscle (Wilmore & Costill, 1994).

The literature reveals limited data (Johnson & Siegel, 1981) demonstrating the ability of
sub-maximal prediction tests to accurately monitor improvement in VO2 max, which
results from regular exercise training. It has yet to be demonstrated that prediction tests
can accurately monitor the changes in VO2 max or accurately categorize VO2 max during
training periods. Yet in a study by Vehrs et al., (1998) who investigated the prediction of
VO2 max before, during and after 16 weeks of endurance training and they found that
maximal oxygen uptake measurements under predict the rate of change in maximal
oxygen uptake. It is possible that this due to exercise training induced adaptations in the
metabolic pathways or cardiovascular system or recruitment of skeletal muscle mass that
contribute to the increases in measured VO2 max but are not equally apparent in responses
to sub-maximal aerobic exercise (Vehrs, George & Fellingham, 1998).

Improvements in VO2 max ranged from 0% to 43%, even though all subjects completed
the same training programme (Kohrt, Malley, Coggan, Spina, Ogawa, Ehsani, Bourey,
Martin & Holloszy, 1991). Scientists have assumed that these variations result from
differing degrees of compliance with the training programme. Good compilers should
have the highest percentage of improvements and poor compilers show little or no
improvement. Now, the idea of comparing compiler’s with non-compilers has been
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replaced with the concept of comparing responders and non-responders. Given the same
training stimulus, implying full compliance with the programme, substantial fluctuations
occur in the percentage improvement in VO2 max values of different people (Me Ardle,
Katch & Katch, 1994). When examining training effects, you must always remember that
individual differences cause variation in subject’s responses to the training programme.
Even with identical programmes, not everyone will respond the same. Genetics accounts
for much of this variation in response. Physiological adaptations in response to physical
training are highly specific to the nature of the training activity (Wilmore & Costill,
1994). Training programme carried out on previously sedentary subjects can produce
significant changes in VO2 max values, usually of the order of 20-30% (Cooke, 1996)

The increase in VO2 max as a result of training in normal individuals is due to a higher
maximum cardiac output and to greater extraction of oxygen from the systemic
circulation, reflecting both central and peripheral adjustments (Fletcher, et ah, 1995).
Lactate threshold increases with endurance training, which allows you to perform at
higher rates of work and levels of oxygen consumption without increasing your blood
lactate above resting levels. Maximal blood lactate levels can be increased slightly. The
respiratory exchange ratio decreases at sub-maximal work rates, indicating a greater
utilization of free fatty acids, but increases at maximal effort (Wilmore & Costill, 1994).

The swimming VO2 max increased by 11.2% following the 10-week training period.
However, the running VO2 max increased by only 1.5%, not a statistical significant change
from the pre training value. Resistance training in combination with endurance training
does not appear to restrict improvement in aerobic capacity and may increase short-term
endurance (Wilmore & Costill, 1994).

Given the plethora of protocols for the indirect determination of VO2 max, it is worthwhile
to consider attempts at standardization through guidelines such as those published by the
British Association of Sports Science (1992) in its “Position Statement on the
Physiological Assessment of the Elite Competitor”. These guidelines give tables for
establishing the appropriate exercise intensities for the direct determination of VO2 max
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using leg and arm cycling and graded treadmill running. There is also a list of criteria of
consideration when establishing maximal oxygen uptake in adult subjects. 1) A plateau in
the oxygen uptake-exercise intensity relationship. This has been defined as an increase in
oxygen uptake of less than 2ml kg-1 min'' or 5% with an increase in exercise intensity. In
this plateau is not achieve, then the term peak VO2 is preferred; 2) A final respiratory
exchange ratio 1.15 or above; 3) A final heart rate of within 10 beats min'' of the
predicted age related maximum (maximum heart rate can be estimated from the formula:
maximal heart rate - 220-age (years) if the maximum value is unknown); 4) a post
exercise (4-5 min) blood lactate concentration of 8 mmol/1 or more (Duncan, Howley &
Johnson, 1997).

Traditionally a plateau in VO2 max has been viewed as the best criterion for establishing
VO2 max (Taylor, Buskirk & Henschel, 1955). However a VO2 max plateau is not an
absolute prerequisite for defining an individual’s VO2 max and is of limited use as the
primary objective criterion for evaluating the quality of a graded exercise test (Duncan,
Howley & Johnson, 1997). It was shown by Taylor, Busskirk & Henschel, (1955) that
using a constant speed (7mph) and increasing the grade in steps of 2.5% is more
satisfactory than using a constant grade and increasing the speed. VO2 max was determined
using a treadmill protocol consisting of walking or running at a self selected with a 2.5%
increase in grade every 2 min (Kline, Porcari, Hintermeister, Freedson, Ward, Me Carron,
Ross & Rippe, 1987).

The achievement of maximal oxygen uptake (VO2

max)

has been based on objective

criteria such as a levelling off oxygen uptake with an increase in work rate, high levels of
lactic acid in the blood in the minutes following the exercise test, elevated respiratory
exchange ratio, and achievement of some percentage of an age adjusted estimate of
maximal heart rate (Howley, Bassett & Welch, 1995).

Duncan et al., 1997 used a continuous protocol whereby they evaluated the subjects at 7
mph increasing the gradient by 2.5% every minute after the first three minutes (Duncan,
Howley & Johnson, 1997). The British Association of Sports Sciences addressed the
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issue of work rates. They outlined treadmill workloads for a warm up and test speeds.
Increments of 2.5% of a change in the slope of the treadmill every two minutes were
outlined.

2.9.4

Body Composition

Evaluation of body composition is a common and important component of overall
physical fitness assessment. It is well established that excess body fat is harmful to
health, but many misconceptions exits regarding the assessment and interpretation of
such data (ACSM, 1995). Body composition refers to the relative percentages of body
weight comprised of fat and fat free body tissue.

Body composition determined from skinfold measurements correlates well (R>0.80) with
body composition determined by hydrostatic weighing (ACSM, 1995). The principle
behind this technique is that the amount of subcutaneous fat is proportional to (about 50%
of) the total amount of body fat. Various regression equations have been developed to
predict body density from skin fold measurement.

Prediction equations are statistical procedures for estimating body composition, from
simple anthropometric measurements, such as skin fold thicknesses, and the results are
validated by skin fold comparison to hydrostatic weighing (Heyward, 1996). Skin fold
prediction equations are developed using either linear (population specific) or quadratic
(generalized) regression models. Population specific, equations are based on a linear
relationship between skin fold fat and body density (linear model), however, research
shows that there is a curvilinear relationship (quadratic model) between skin folds and
body density across a large range of body fatness. These populations specific equations
tend to underestimate percentage body fat in fatter subjects and over estimate it in leaner
subjects, Dumin & Womersley (1974) have used the log of the sum of 4 skin folds
(selected to represent trunk and limb fat) to predict body density in subjects from 17 to 72
years of age. They developed equations for five age groups and used the log of skin folds
to account for the non-linear skin fold density relationship. Both Lange and Harpenden
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skin fold calipers were used on this sample of 209 men and 272 women, it is clear that
lower standard errors are found for skin folds and that Body Mass Index is much less
effective, compared to skin folds.
Methods validated in this manner are described by Martin & Drinkwater (1991) as
“doubly indirect” with the potential for compounding errors of the new method with
existing errors present in the criterion method. It must be remembered that since skin fold
equations regress to densitometric values, the derived equation essentially predicts that
which is measured by the criterion, i.e. total body lipid from all storage site in the body
(Hawes, 1996). If the correct criteria are met the predicted value of fatness for an
individual is usually 3 to 5% of the body fat based on body density measurement
determined by hydrostatic weighing of water displacement (Cureton, 1984). But
remember you must also add the error associated with hydrostatic weighing itself.

Morrow, Jackson, Disch & Mood (1995) reported that the skin fold technique is one of
the most feasible, reliable, valid methods of field estimation of body composition. Skin
fold measurements predict body density and in turn estimate relative fatness (percent
body fat) in a valid manner. Because the skin folds test is easy to administer at a
relatively low cost, it is suitable, for large-scale epidemiological surveys and clinical
nutritional assessment (Houtkooper, 1996). Objectivity or reliability of skin fold
mechanism is enhanced when skin folds testers follow standardized testing procedures,
practice-taking skin folds together, and mark the skin fold site (Pollock & Jackson, 1984).
A major cause of low inter-tester reliability is improper location and measurements of
skin fold sites and location (Lohman, 1984b).

Physical training can substantially alter body composition (Wilmore & Costill, 1994).
Studies have shown major changes in both weight and body composition with exercise
training. One study examined the changes in body composition with diet alone; exercise
alone and a combination of diet and exercise (Zuti & Golding, 1976). Each of the three
groups of adult women maintained a caloric deficit of 500 kcal per day during a 16-week
period of weight loss. The diet only subjects reduced their daily caloric intake by 500
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kcal per day but did not later their activity level. The exercise only subjects did not later
their diet but increased their daily activity by 500 kcal. The subjects who combined diet
and exercise reduced their daily caloric intake by 250 kcal and increased their daily
activity by 250 kcal. Although the three groups had similar body weight losses, the two
groups that exercise lost substantially more body fat. A major difference between the two
exercise groups and the diet only group was that fat free body mass was gained with
exercise, but lost with weight reduction through diet only. Regular physical activity may
assist in better controlling your appetite so that caloric intake balance caloric expenditure
(Wilmore & Costill, 1994). Diet alone causes fat loss, but fat free mass is also lost. With
exercise, either alone or with diet, fat is lost, but fat free mass is either unchanged or
increased (Wilmore & Costill, 1994).

2.9.5

Flexibility

Flexibility may be defines as the arrange of motion (ROM) at a single joint or a series of
joints. The ROM can reflect the arthrokinematic possibilities of the joint(s) considered,
but also indicate the ability of muscles and connective tissue surrounding the joint to be
elongated within their structural limitations (Bonus & Roy, 1996). Flexibility is specific.
Therefore, no single test can be generalized to evaluate total body flexibility. Laboratory
tests usually quantify flexibility in terms of range of motion, expressed in degrees.
Common devices for this purpose include various goniometers and the Leighton
flexometer.

The area of flexibility measurement is characterized by confusion in terminology and
lack of standardization (e.g. the units, warming up or not, staring position, active or
passive motion, detailed description of procedures)(Borms & Roy, 1996). Research tends
to indicate positive effects of warm-up. Most coaches and athletes believe that warm up
is essential to prevent injuries, but there is very little direct research evidence to in
support their beliefs. Even though the scientific basis for recommending warm up
exercises is not conclusive, we advise a general warm up prior to the main activity and
prior to flexibility testing. A 5-10 minutes moderate intensity warm up is suggested
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before testing, but should be standardized (Bonus & Roy, 1996). If a test involves
moving the lower limb a straight manner this movement includes a posterior pelvic tilt
and a reduction of lumbar lordosis (Boms & Roy, 1996).

2.9.6

Lung Function

Pulmonary function assessment via route spirometry is used assess basic lung function.
While many spirometric tests are available, the most commonly used include forced vital
capacity (FVC), forced expiratory volume in 1 second (FEVl), and the maximal
voluntary ventilation (MW). Normal values for lung function are based on age, gender,
and height. As such, there are no “best” reference equations for predicting normal lung
function, and considerable variability exists for commonly used prediction equations.
Automated and computerized equipment often-selected equations so that obtained values
may be compared with normal values.

Lung volumes are measured by a spirometer. The volume of air moved during a normal
breath is the tidal volume (Vt). At rest Vt usually ranges form between 0.4 and 1.0 litre
per breath. During exercise it increases linearly with the ventilatory requirement of the
subject up to a limiting value, which is about 50% of the vital capacity (Cotes, 1979). The
reserve ability for inhalation beyond the tidal volume is termed the inspiratory reserve
volume (IRV). This is the amount of at that can be inspired maximally at the end of a
normal inspiration. At rest it is normally about 2.5 to 3.5 litres. The volume of air that can
be expired maximally after normal expiration of the expiratory reserve volume (ERV),
which ranges from 1.0 to 1.5 litres for the average sized man.

The IRV and ERV show big variations with posture on account of changes in the
functional residual capacity (FRC). This is defined as the volume of air in the chest at the
end of a normal expiration when the elastic recoil of the lung and the thoracic cage are
equal and opposite. In normal subjects the FRC is affected by posture. This affects the
position of the chest wall and reduces FRC by about 25% in the supine position
compared to the upright position. In the upright position, in healthy adults, FRC is in the
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range 0.8-5.5 and 0.7-4.9 litres for men and women, respectively. The FRC is increased
in the presence of emphysema (a condition which causes an in creases in the size of air
spaces distal to the terminal bronchioles) when this is accompanied by a reduction in the
elastic recoil of the chest wall. It is reduced when Vt is increased, such as during
exercise, or by breathing a gas mixture of carbon dioxide in air.

The total lung capacity (TLC) is defined as the volume of gas in the thorax at the end of a
full inspiration. In healthy adults, depending on size, the TLC is in the range 3.6-9.4 and
3.0-7.3 litres for males and females, respectively. The TLC is reduced if there is a
decrease in the strength of the respiratory muscles, as in diseases such as interstital
fibrosis or muscular dystrophy. The total volume of air that can be removed voluntarily
from the lung from full inspiration to full expiration is the vital capacity (VC). The
volume of air that cannot be exhaled after a maximal expiration is the residual volume
(RV). The peak expiratory flow rate (PEFR) is the maximum flow rate that can be
sustained for a period of 10 ms. The PEFR in healthy adults, depending on age and size,
is in the range of 6-15 ls-1 and 2.8-10.1 ls-1 in males and females respectively. The
amount of air expired over a specific time period of a forced expiration is termed the
forced expiratory volume qualified by the time over which the measurement is made, for
example, FEVl.O, FEV 3.0. In healthy adults, depending on age and size, the FEVl.O is
in the range of 1.2-5.7 1 and 0.8-4.2 1 in male sand females respectively. The forced
expiratory flow (FEF) is the average flow rate over the middle half of the FVC.

The FVC is 7-8% lower in the supine compared to the standing position and 1-2% lower
in the sitting position compared to the standing position (Townsend, 1984). Conversely,
neck flexion may decrease peak expiratory flow rate and increase airway resistance
(Allen, Hunt & Green, (1985). The FEVl/FVC ratio is the most important measurement
for distinguishing an obstructive impairment (American Thoracic Society, (1991). When
FEVl and the FEVl/FVC ratio are within the normal range, abnormalities in flow
occurring late in the maximal expiratory flow volume curve should not be graded as to
severity and, if mentioned interpreted cautiously. When there is a borderline value of
FEVl/FVC, these values may help to conform the presence of airway obstruction. The
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same is true to note that there is wide variability of these measurements in healthy
subjects and this must therefore be taken into account in the final interpretation (Eston,
1996).

Measurements of pulmonary function are subject to a number of sources of variation.
This can attribute to technical factors, such as instrumentation, procedure, observer error
and so on. The variation could also be attributed to dysfunction, or disease, or as a result
of biological variation. The major focus here is on biological sources of variation within
individuals and between individuals. For a more detailed discussion of all sources of
variation in lung function testing the reader is guided to the position statement of the
American Thoracic Society (1991). Even when properly preformed, pulmonary fimction
test must be interpreted with caution due to the degree of subject co-operation necessary
to achieve optimal values, and the wide range of inter-individual variability in “normal”
responses.

2.10 Conclusion of Review of Related Literature

From the areas identified in the literature review it demonstrates not only the importance
of appropriate classification of diabetes but additionally of the knowledge required for
adaptations of the normal physiology of energy requirements required for everyday life
and also those required as a consequence of exercise. The literature review has also
highlighted the individual nature of the effect of exercise on homeostasis even given the
physiological knowledge. The key point of the literature review shows that at present
there is controversial concerning the overall benefit of exercise on blood glucose control.
There are numerous studies which show support for the use of exercise for decreasing
blood glusoe levels (Mosher et al., 1998; Stratton et al., 1988; Dahl-Jorgensen et ah,
1980; Peterson et al., 1979) Yet there are also some who now think that exercise should
be advocated for general good health and not as a form of treatment (Laaksonen et al.,
2000; Zinman et al., 1984; Wallberg-Henriksson et al., 1982).
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Also evident is the degree of percentage change within the methodology, methods and
criteria used to demonstrate a significant effect of exercise. Also crucial is that in
previous studies it has proved impossible to disentangle the effects of lifestyle treatments
such as diet and education from other components of the overall regimen such as exercise
or changes in medication. Yet exercise has been proven to have enormous benefits for all
individuals with and without diabetes both on a physiological and psychological level
therefore general guidelines need to be in place with specific individuals advice, so that
all diabetics will be able to participate in exercise in a safe manner.
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3.1 Introduction
As identified in Chapter 2 diabetes care aims to enable individuals to care for themselves
in order to achieve a state of physical, psychological and social well being (Perkins,
1992). This study was set up to assess the core physiological and psychological
components of an individual’s overall well being as well as their blood glucose control.
This incorporated a battery of tests that examines the abilities of the individual in
different disciplines.

The testing was implemented with the co-operation of 10 individuals in the South-West
of Ireland. In essence’s clients were self-selected in that contact was made with a number
of different agencies mainly the Diabetes Federation of Ireland and a random selection of
local general practitioners in the catchment area. The initial contact between the
individual subjects and the researcher was made as a result of their interest and initiative.
Agencies were contacted and informed about the study and were encouraged to distribute
an infonnation sheet about the study to their members or patients that had either Type I or
Type II diabetes. The information sheet explained the aims of the study (See Appendix
A). The breakdown of subjects into Type I and Type II was biased in favour of Type I in
that 9 of the 10 subjects were Type I diabetics. The subjects were knowledgeable about
the purpose of the study and the risks involved before signing an informed consent form
(See Appendix A). The protocol of the study conforms to the American College of Sports
Medicine (ACSM) policy statement regarding the use of human subjects. Informed
consent was approved from the ethic’s Post Graduate Committee in the Institute of
Technology Tralee. Additionally, the subjects completed retrospective questionnaire
pertaining to their health status / medical history and lifestyle habits. All tests were
carried out in the Sport Health and Performance Centre (SHaPE) situated in the Institute
of Technology Tralee. The SHaPE Centre is an exercise physiology/human performance
laboratory. The aspects of health and exercise performance that were measured were
aerobic power through VO2 max or sub-maximal aerobic test, flexibility via the Leighton
Flexometre, body composition via skin folds measurements and body mass index and
lung function via the spirometer. The psychological assessment was completed through
the use of the Well Being Questionnaire (W-B Q). The W-B Q is a reliable and valid

Olive Fanning M.Sc. Health, Fitness & Leisure

133

Methodology

measure of psychological well-being. Test re-test reliability ranged from 0.66 to 0.83
with a mean interval of 66+/- 14 days. Convergent validity of the W-B Q scales was
supported by high correlations with other measures of affect (Pouwer et al., 1999;
Bradley, 1994). Cronbach’s alpha coefficient for each subscale indicted satisfactory
internal consistency (Bradley, 1994). This instrument is easy to administer and may be
considered a useful tool for both clinicians and researchers to assess the psychological
well being of individuals with diabetes (Pouwer, van der Ploeg, Ader, Heine & Snoek,
1999). Each subject was given adequate time to familiarise themselves with the given
test. In that a verbal explanation of the exact test was firstly completed and subsequently
the subject was given time to get used to equipment or seek clarification on any issues.
The time varied for each individual due to the various levels of knowledge with
equipment and surroundings. The battery of tests were completed in a set order with
subjects moving from one station to the next. The results of each test were recorded at the
station before they progressed to the next. The subjects consented to taking their own
blood glucose level before and after the fitness tests so as to maintain overall safety for
the subjects.

Additionally the subjects were to obtain a blood sample from their doctor or diabetic
nurse and submit it to the General Hospital so that a glycosylated haemoglobin (HbAlc)
test could be carried out. The HbAlc assay provides information about the degree of
long-term glucose control that is not otherwise obtainable in the usual clinical setting
(Nathan, Singer, Hurxthal & Goodson, 1984). A week later a meeting was organised to
discuss results of the tests and to decide on an individual exercise plan. With regard to
exercise adherence, a person centred approach was be considered. This implies that the
same exercise prescription is not suitable for all people. Instead the exercise prescription
must be tailored to each person’s circumstances and provide them with control over their
exercise rather than outsiders maintaining control (Mutrie, 1999). The rationale for using
a 12-week training programme was due to the fact that previous studies investigating the
physiological and psychological changes in subjects had successfully seen results in such
a time frame (Mosher et al., 1998; Marrero et al., 1988; Me Cann & Holmes, 1984;
Durak et al., 1983; Peterson et al., 1979). Additionally high levels of compliance were

Olive Fanning M.Sc. Health, Fitness & Leisure

134

Methodology

required so as to identify the overall effect of the 12-week exercise programme and
Schneider et ah, (1992) found that compliance for up to 3 months was acceptable but
longer term compliance was poor. The strategy chosen to implement the 12 week
exercise programme was through the use of daily exercise records which included
information on adjustments used, type of exercise, insulin levels pre and post, food intake
and time and type of exercise (See Appendix D). This strategy is believed to be most
suitable and cost effective for clinical practice (Byrne & Byrne, 1993). Weekly contact
was maintained so to collect records and discuss any issues or problems. Daily blood
glucose monitoring was encouraged under the ADA (1998) guidelines namely 4 times a
day as well as before and after exercise. All participants had individual gluometer that
down load all the results of BG levels, dates and times to a computer. This was used to
further support the information and findings obtained from the training diary (Appendix
D). After approximately 12 weeks the subjects visited the SHaPE again and completed
the same exact battery of tests in the exact same fashion and order and on the same day
and similar times of the day. Subsequently another blood sample was taken and submitted
to their respective Hospital for HbAlc results. Additionally approximately 6 months later
a 3*^^ HbAlc blood glucose control test was calculated and knowledge of their previous
exercise patterns that period was investigated by phone or person-to-person interview.
Consequently it was assessed whether the individuals had increased their food intake or
decreased their insulin dosage. Even though no direct advice was given in this area,
general principles and recommendations were discussed and the reasoning behind such
explained (See Appendix G for evaluation sheet).

The benefit of carrying out the same routine was to highlight the importance of the
intervention and its effect on lifestyle changes in the long-term. To determine whether the
changes in HbAlc were associated with participation in the exercise intervention
programme or due to other temporal factors, a control group were selected. 12 controls
were used for comparison purposes for blood glucose control. The controls were located
in the East of the country and had no knowledge of the intervention or there involvement
in the study so as to minimise any changes or alterations in their lifestyle. The rationale
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for test protocol was selected due to their reliability and also for their ability to accurately
measure the components of fitness and over all well being in a user-friendly way.

3.2 Restatement of the Problem
The aim of the study was to determine and examine the physiological and psychological
effects of a 12-week exercise programme for people with diabetes. This in turn
investigated their blood glucose control, aerobic capacity, flexibility, lung function, body
composition, general well being including depression, anxiety, energy and positive well
being. The study was completed on a sample size of 10 with 9 of the subjects having
Type I diabetes.

3.3 Proceeding the Testing Session
Before the actual testing session began a number of organisations were contacted, briefly
explaining the purpose and method of my study (See Appendix A) and inviting them to
partake in the study. Due to ethical issues and confidentiality there was a reluctance by
both the organisations and individual general practitioners to partake in the study. The
organisations and GPs distributed the information pack on the study to the individuals in
their practice or area.

There are approximately 140,000 diabetics in Ireland, which breaks down into just under
approximately 5,000 in the sample area. It was left solely at the discretion of the
individuals with diabetes to establish some contact with myself Subsequently a suitable
time was arranged to meet and discuss any queries about the study. This allowed assess to
each individuals case history and their knowledge of diabetes and exercise and provided
information into their lifestyle habits and fitness levels. Exercise testing in diabetic
patients is recommended because of the increased risk of cardiovascular disease in these
patients. Low level testing protocols should be used on the treadmill or cycle ergometer.
The presence of autonomic neuropathy may prevent the patient from achieving age
predicted maximal heart rates, which may reduce the sensitivity of the test. The location
for testing was the Sport, Health & Performance Evaluation Centre (SHaPE) situated in

Olive Fanning M.Sc. Health, Fitness & Leisure

136

Methodology

the Institute of Technology Tralee, Co Kerry. During the testing sessions there was only
the subjects, the researcher or another tester present.

3.4 Selection of Subjects
The subjects selected in the study were 18 to 61 year old adults both male and females
with either Type I or Type II diabetes mellitus (DM). Despite efforts to secure a
representative sample of individuals with diabetes (both Type I and Type II), by
distributing the research information to a wide variety of GP’s and to the local diabetes
organisation, the study sample remained somewhat self -selected. Consequently, it may
have reflected a more robust and active segment of the adult diabetic population. The
robustness of the population sample is reflected in the fact that only 40% reported
drinking alcohol, and 90% indicated that they were non-smokers. Additionally the
majority of subjects were highly educated and may have been inclined to take care of
their diabetes (Pullen, 2000). As Ligtenberg et al., (1999) found that males and females in
the highest level of education tended to have lower HbAlC levels compared to the other
two lower education groups combined (Ligtenberg, Blans, Hoekstra, van der Tweel &
Erkelens, 1999). These sample characteristics may have biased the results. There was no
stipulation whether or not the adults were males or females, type I or type II, active or
inactive or overweight. Therefore due to the individual nature of the effect of exercise on
diabetes a case study approach was used to evaluate the effect of the exercise on their
blood glucose control, physiological components and their psychological well-being.

In total 10 subjects participated in the study (4 females and 6 males). There were 9 Type I
diabetics and 1 Type II diabetic. The length of time that they actually have had the
disease is 17.4 yrs (S.D.+/- 9.4). There was a 100% retention rate of subjects in the study.
The high level of adherence to the 12-week exercise programme was extremely high in
that on average all subjects completed at least 2 or more sessions per week for 12 weeks.
Self-referral is consistently one of the best predictors of whether or not a patient will
remain in a programme (Schneider, et al., 1992). Participation of the patient’s spouse in
the exercise programme seemed to improve long-term compliance. If exercise is to be of
benefit to individuals one must be able to keep them involved in activity over the longest
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time possible (Mutrie, 1999). 90% of the subjects were working with only one subject
attending third level education.

It was originally envisaged that the study would obtain a random sample of adults with
diabetes in the catchment area. But unfortunately due to the low response rate from the
initial information given it was decided to go for a more in-depth look at the individuals
participating.

3.5 Instruments and Procedures Used during Testing

3.5.1 Well-Being Questionnaire (W-BQ)
In 1994, a working group of the World Health Organisation/Intemational Diabetes
Federation advised using the well being questionnaire (W-BQ), 22 items to monitor
psychological well being of patients with diabetes as part of the clinical routine (Bradley
& Gamsu, 1994). The complete 22-item version of the W-BQ consists of four subscales
labelled depression, anxiety, energy and positive well-being (Bradley, 1994). In the
development of the W-BQ, physical indicators of psychological disturbance were not
included (e.g., decreased libido and weight loss), since these symptoms can also be a sign
of chi'onic complications of diabetes or can indicate hyper or hypoglycemia (Bradley,
1990). The Well-being scales are designed not only to measure negative mood states and
detect changes in such states but also offer the advantage over Hospital Anxiety and
Depression (HAD) scale in that they measure positive effects of treatment changes, or
other interventions intended to be improvements in diabetes management (Bradley,
1994). The scales were intended to be sensitive to any increase in anxiety or depression
that might be associated with this exercise intervention that was intended to improve
blood glucose control and hence might increase the risk of hypoglycemic episodes. The
scales were also intended to be sensitive to any positive psychological benefits of the
intervention and included items concerned with energy levels, personal relationships,
sexual relationships, coping, adjustments, happiness and enthusiasm for life. Following
psychometric development of the scales in two studies, four subscales were identified and
labelled Depression (6 items). Anxiety (six items). Positive Well-being (six items) and
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Energy (four items). The measurement of these four subscales involves twenty-two items
in total and these are included in the version of the well being questionnaire used in the
study (See Appendix E). Subscales are scored so that a higher score on each subscale
indicates more of the mood described by the subscale label e.g. depression or positive
well-being. The scales are designed for patients self-completion, are quick to complete
and can be scored (taking care to reverse-score items/subscales as specified) to provide a
total score of General Well being as well as subscales to measure depression, anxiety,
energy and positive well being (Bradley, 1994).

In relation to the completion of the well being questionnaire. It is a very simple form in
that one must circle a number, which indicates whether one feels that the phrase applies
to one “all the time” or “not at all”. There are 22 phrases in all and it is completed in just
a few moments. Previous research has suggested that it is important to leave the
individual some privacy when completing the questionnaire but to have personnel
available to answer any queries that subjects may have on reading the questionnaire.

3.5.2 Weighing Scales
The Seca 209 weighing scales was used in the study (Vogel & Halke, Postfach 76 11 80,
Germany). These scales are battery operated and were calibrated prior to testing sessions
to ensure reproductively of results. They are easy to use and you get results very quickly
and clearly. The subject’s weight was recorded in kg’s.

Weight was measured with the subject wearying minimal clothing (socks, T-shirt,
tracksuit (shorts). Their footwear was removed. Subjects were asked to remove all
jewellery and objects from their pockets. The subject stands in the centre of the scales
looking straight ahead and weight is recorded to the nearest tenth of a kilogram. The
result is then put down on their record sheet and they proceed to the height measurement.

The following is the weighing procedure used:
1. Lightly touch the contact bar with the foot before stepping on the scales
2. “Seca” appears for approximately 1 second
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3. Wait until 00.0 appears on the screen. Now the scales are automatically set to zero.
4. Step onto scales and stand still, looking straight ahead. Now the tester reads off your
weight, correct to 1 OOg
(There is a selection switch to read lb. or kg).

3.5.3 Stadiometer
The stadiometer simply measures your height to the nearest cm/inches as required. The
Seca 209 model was used (Vogel & Halke, Postfach 76 11 80, Germany). Height is
measured with the subject standing straight upright against a surface, heels together,
buttock and back should be touching the upright surface of the stadiometer. The subject
looks straight ahead. The tester lowers the top until it rests on the subject’s head. The
tester takes the measurement to the nearest millimetre and records it on the record sheet.

3.5.4 Skin fold Calipers
The Harpenden Skin fold Calipers (John Bull, British Indicators Ltd., England) was used
to assess estimates of percentage body fat of each individual. The skin fold calipers
measures the skin fold thickness. These thickness measurements do not measure overall
body fat mass or its percentage directly but rely on validated equations that describe the
relationship between measures of skin fold fat as well as other body dimensions and the
measured body density. Body fat percentage is determined from the estimate of body
density. The accuracy of measurement is, as one would expect, dependent upon the
accuracy of the equipment used, the correct selection and location of the skin fold sites,
the proper technique in taking the measurements, and the experience of the tester.

Body composition refers to the relative amounts of muscle, bone, and fat in the body;
often taken as the relative amounts of fat (fat mass) and fat free mass. Essential for
accurate and repeatable test, specific guidelines for taking skin folds measurements have
been established:
1. Measurements must be taken on dry skin. Instruct the subject to keep muscles as
relaxed as possible.
2. Take all measurements of the right side of the body.
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3. Mark the skin fold sites using a pen. Use a tape measure to accurately find the mid
points.
4. The skin fold should be firmly grasped by the thumb and index finger, using the pads
at the tip of the thumb and finger. Gently pull the skin fold away from the body.
5. The calipers should be placed perpendicular to the fold. A minimum of two
measurements should be taken at each site. A minimum of three measurements
should be made at each site. If repeated tests vary by more than 1 mm repeat the
measurement.
6. The final value recorded should be the average of three measurements.
7. There should be at least 2-minute inteiwal between measurements at any one site to
allow for the tissue to restore itself to its uncompressed state - thus take skinfolds 1- 4
and then repeat 3 times.
Figure 3.1 The 4 site System for male and female subjects

Source: Harpenden Skinfold Calipers Handbook, 1992
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The 4 sites include:
1) Biceps - the anterior surface midway between the anterior auxiliary fold and the
antecubital fossa.

Figure 3.2 (A) Site & (B) Measurement of the bicep skin fold

Heyward, (1991), Advanced Fitness Assessment & Exercise Prescription
2) Triceps - a vertical fold on the posterior midline of the upper arm, over the triceps
muscle, halfway between the acrosion process (bony process on top of shoulder) and
olecranon process (bony process on elbow).

Figure 3.3 (A) Site & (B) Measurement of the tricep skin fold

■-

I

\

Subscapular

Heyward, (1991), Advanced Fitness Assessment & Exercise Prescription
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3) Subscapular - the fold taken on the diagonal line coming from the vertebral border to
between 1 and 2 cm from the inferior angle of the scapulae. A diagonal fold about 1
to 2 cm below the point of the shoulder blade and 1 -2 cm toward the arm.
Figure 3.4 (A) Site & (B) Measurement of the scapular skin fold

Tricep#

Subscapular

Heyward, (1991), Advanced Fitness Assessment & Exercise Prescription
4) Suprailiac - a diagonal fold above the crest of the ilium at the spot where an imagery
line would come down from the anterior auxiliary line (just above the hipbone and 23 cm forward).
Figure 3.5 (A) Site & (B) Measurement of suprailiac skin fold

Heyward, (1991), Advanced Fitness Assessment & Exercise Prescription
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3.5.5 Spirometer
A MicroLab 3300 Micro Medical (PO Box 6, Rochester, Kent MEl 2A2, England) was
the type of spirometer used. It is specifically designed for situations where a permanent
record of spirometric parameters is required. The complete flow/volume loop, vital
capacity and bronchial challenge routines can be measured and recorded quickly and
simply. A spirometer is used to measure exhaled gas and to record the time of collection.
An exhaled sample was collected or passed through a volume or flow-measuring device
and computation of results for Forced Expired Volume in 1 second. Forced Vital
Capacity, Peak Expiratory Flow & Forced Expiratory Ratios were determined. These
results are transferred from the MicroLab 3300 to the Spida program where the results are
displayed in numerical and graphics.

Lung capacity is an important consideration during and after exercise as it investigates
the individual’s ability to sustain high levels of airflow through the lungs. This depends
on the speed at which the volumes can be moved in one breathing cycle, measured in
terms of a single maximal respiratory effort. Maximal expiratory volumes are often used
as measures of airway resistance.

The following is the procedure for measuring lung efficiency:
1. Stand tall, hold spirometer out in front
2. Inhale as deeply as possible
3. Place the mouthpiece of the spirometer into your mouth and seal with your lips
4. Exhale as forcibly as possible for as long as possible
5. Record the best of three attempts and save details on the Spida package and print off
record sheet

Expiratory effort must be maintained until a valid end of test has been observed. The
American Thoracic Society (ATS) 2002 has defined a valid end of test to be:
•

When forced exhalation has continued for at least 6 seconds and a volume plateau (no
volume change) of at least 2 seconds duration is seen
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•

In the absence of a volume plateau, a reasonable exhalation time of at least 15
seconds is observed

(Gardner, Hankinson & Clausen, 1987)

Although difficult to achieve, the conditions for a valid end-of-test should be the goal of
each testing session. Early termination falsely increases FEV, & FVC% and increased
mean and instantaneous flow rates at middle or low lung volumes (Pattishall, 1990).

3.5.6 Treadmill and VO2 max Equipment
For assessment of the individual’s aerobic power (VO2 max) a Sport & Medical Ergometer
9001 Running Treadmill (H-P-COSMOS, D-83365, Nussdorf, Germnay) was used.
Manual aerobic power is the ability of the body to take up and use oxygen. It is a measure
of stamina, of endurance and of the ability to keep going. Aerobic power, or maximum
oxygen uptake, is measured in millilitres of oxygen in either absolute terms (l.min'') or
relative to body mass (ml.kg.min'') and is an index of cardio-respiratory fitness. This
running ergometer is a motor driven device, which provides speed and elevation at an
easily accessible touch pad or user terminal. The user terminal clearly displays the speed
and elevation as well as time and heart rate (if wearing appropriate heart rate belt). The
software Paragraphics permits an on line registration and administration of heart rate
values and endurance parameters.

The Cortex MetaMax is portable ergospirometry system that provides all the data needed
for a complete function analysis of the lungs, heart, circulation and metabolism under
stress. The MetaMax software runs under Microsoft Windows, making the system easy to
use, thereby providing graphical illustrations of the relationship, between carbon dioxide
and oxygen. The MetaMax provides a calculation of VO2 max that can be compared to
norms for age and sex.

The subject is connected to the Metamax system by mouthpiece and breathing value, thus
inspiring normal room air and expiring into the machine (Oxycon). The expired gasses
pass via hose and buffer bag system into the dry gas meter. When the minute volume is
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increasing, and higher flow peaks are present, the buffer bags buffers a part of the expired
gas, this part of the gas is passed to the gas meter during the next inspiration of the
subject. In this way increased flow peaks are dampened, thus preventing the gas meter’s
associated increasing backpressures and rotational accelerations, without causing any
error. The gas meter is a calibrated bellow type of a volume meter, of which the housing
also serves as a gas-mixing vessel. The rotational movements of the bellows, being
proportional to the expired volumes are converted into electrical pulses. A sample of the
expired gas is drawn off from the gas meter housing for analysis of the O2 and CO2
concentrations, and returned to the gas meter, in order not to loose any of the gas volume.
Both the gas volume and gas concentration are then continuously measured and
converted into electronic signal. These signals are transmitted to the electronic
microprocessor system.

Figure 3.6 The Cortex Metamax

It is important that the Metamax gas sensors are regularly calibrated so that the given
results are reliable and accurate. You need two different gas mixtures (oxygen and carbon
dioxide concentrations), to perform the calibration. The volume transducer can be
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calibrated with a syringe. As default a syringe with a volume of three liters should used.
It is important to close the gas output at the volume transducer. You have to pump six
times steadily and the Metamax performs six-volume measurements and compares the
average with the nominal value. Then it calculates the correction factor. If this factor is
smaller than 0.8 or bigger than 1.2 the calibration might have been wrong and a new
calibration should be done.

Aerobic capacity was analysed in two separate procedures. The method depended on
previous fitness levels and this was analysed as a result of the screening form and from
interacting with the subjects about their lifestyle. The tests are similar in their protocol
but vary in relation to the fact that one is a sub-maximal test whereas the other is an
exercise test till exhaustion.

Sub- Maximum Test
The Balke Treadmill Test -Protocol for Normal Inactive People (Wasserman et al., 1994)
Procedure:
1. Record the subject’s weight, resting heart rate, predicted maximum heart rate and
85% of predicted maximal heart rate for safety.
2. Place heart rate monitor on subject
3. Allow subject to warm up at 0% gradient for 2 minutes
4. See protocol below for starting speed (3mph) and increase gradient as protocol
suggests
5. Take and record the heart rate in the last 30 sec’s of each stage. Increase workload to
next stage monitoring heart rate in the last 30 sec’s of each stage. Check to ensure the
heart rate is below 85% of maximal heart rate. Record heart rate and workloads at
each stage.
6. When the client has reached 85% of maximal heart rate or two heart rates of between
110-150 bpm have been recorded, the test is complete.
7. Allow subject to cool down by walking at 0% grade for two minutes or until heart
rate returns to below 100 bpm.
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VO2 max Protocol

Stage

MPH

% Grade

Mins

1

3 mph - constant

2.5%

2

2

(4.8mph)

5%

2

3

7.5%

2

4

10%

2

5

12.5%

2

6

15%

2

7

17.5%

2

8

20%

2

9

22.5%

2

10

25%

2

Results: via chart
Draw a horizontal line across from the predicted maximal heart rate (220-age)
•

Plot the heart rate values on the Y vertical opposite the workloads on the X

•

Draw a starlight line through the points you have plotted, using a ruler and continue
to the predicted maximal HR horizontal line

•

From where the lines intersect drop a line straight down to the baseline where the
predicted maximal oxygen in ml/min is identified

•

Check norm table for classification

Or
Results: via calculator
VO2 max = SM2 + b (H.R. Max - H.R. 2)
B = (SM2- SM1/H.R.2-H.R.1)
H.R. Max - 220-age
H.R.l - Pulse 1
H.R.2 - Pulse 2
SMI - estimated VO 2 max at any particular workload
SM2 - estimated VO 2 max at any particular workload

Olive Fanning M.Sc. Health, Fitness & Leisure

148

Methodology

VO2 max Test - Physically fit individuals
Procedure:
1. Record the subject’s weight, resting heart rate, predicted max. heart rate and 85% of
predicted maximal heart rate for safety.
2. Place heart rate monitor on subject and cormect subject to mouthpiece and breathing
value, which is assisted by the use of a mask.
3. Allow subject to warm up at 0% gradient for 2 minutes
4. See protocol below for starting speed (5/7mph depending on fitness of individual) and
increase gradient as protocol states. Which corresponds to a 2.5% increase in the
gradient every 2 minutes until the subject can no longer continue.
5. Take and record the heart rate in the last 30 sec’s of each stage. Increase workload to
next stage monitoring heart rate in the last 30 sec’s of each stage. Check to ensure the
heart rate is below 85% of max. heart rate. Record heart rate and workloads at each
stage.
6. When the subject has completed the test it is very important that the subject cool down
by walking on the treadmill at 0% gradient and doing so till the heart rate is below
lOObpm. This can be done without the mask being on but leave heart rate on so as to
monitor.
7. After the heart rate has lowered to a safe level a blood lactate test must be completed
which entails the subject taking a spot of blood which is placed on a sample stick and
placed on the YSI 1500 analyser (Accusport, Boehringer Mannheim, Germany), which
gives you a reading in 1 minute. This reading can be useful in accessing whether the
criteria for a true VO2 max were obtained (as explained in literature review - section
2.9.3). All lactate readings were from capillary whole blood taken from the fingertips.
8. The results of the test are being constantly updated on the computer screen every 30
seconds as you exercise. It graphically displays the relationship between the oxygen
intake and the carbon dioxide out put. This result can be checked against the norm
tables for classification under sex and age.
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3.5.7 Leighton Flexometer
The Jack R. Leighton Flexometer (East 1321 55^*^ Avenue, Spokane WA 99233, USA) is
basically a gravity type goniometer. It consists of a weighed 360-degree dial and a
weighed pointer mounted in a case. The dial and pointer operate freely and
independently; the movement of each being controlled by gravity. The instrument is
designed to record movement while in any position that is 20° or more off the horizontal.
The zero mark on the dial and the hairline of the pointer move freely to a position of rest
and coincide when the instrument is placed in any position off the horizontal.
Independent locking devices are provided for the pointer and the dial, which stop all
movement of either at any given position. In using the instrument, the Flexometer is
strapped to the segment being tested. The dial is locked in one extreme position (e.g. full
flexion of elbow); the movement is made and the pointer locked at the other extreme
position (e.g. full extension of elbow). The direct reading of the pointer on the dial is the
arc through which the movement has taken place. A dampening device has been installed
to the backs of both dials to reduce oscillation during measurement.

Flexibility refers to the ability to move the body parts through a wide range of motion
without undue strain to the articulation and muscle attachments. Flexibility measurements
include flexion and extension movements. No general test is available that provides
representative values of total body flexibility; tests are specific to each joint and muscle
group and connective tissue area (American College of Sports Medicine, 1993).

Procedure for measurement of leg flexion
The Flexibility test was completed following the VO2 max test and after time as the heart
rate was below lOObpm so that the subjects would be adequately warmed up.
Starting position: Supine position on bench, legs together, knees straight, arms at side.
Instrument fastened to side of leg being measured.

Action:
1. Starting position, dial locked
2. Leg moves upward in an arc to a position as close to head as possible
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3. Legs remains as straight as possible
4. Support test leg lightly with hand as the pointer is locked
5. Subject relaxes and reading is taken
6. A minimum of 3 measurements should be taken at each leg.
7. The final value recorded should be an average of the 3 measurements.
Caution: Knees of both legs remain straight throughout movement. Shoulders, hips and
heel on non-measurement leg must remain in contact with bench at all times.

3.5.8 HbAlc Measurement
Glycated haemoglobin (glycosylated haemoglobin, glycohaemoglobin) is a measure of
the integi’ated glycemic control over the preceding 2-3 months, but with extra weighting
for the 1 month preceding blood sampling. A number of post-translational modifications
of HbA are fomied in increased amounts in diabetics by the slow, non-enzymatic
attachment of glucose and other sugars to haemoglobin. The largest component (60-80%)
is HbAlc, formed by the attachment of glucose to the N-terminal valine of the B-chain of
haemoglobin (Pickup, & Williams, 1997). The level of glycosylated haemoglobin
(HbAlc) in the blood is an important gauge of diabetic control. Haemoglobin (Hb) has a
high affinity for glucose, which attacks to the haemoglobin molecule when blood glucose
levels are elevated. The higher the blood glucose, the more HbAlc is formed (Armstrong
& Welsman, 2000).

Diabetes UK recommends that people with diabetes keep their blood glucose levels
between 4-7mmol/l before meals, and within lOmmol/1 after a meal (Diabetes UK, 2000).
Regular measurement of glycosylated haemoglobin (HbAlc) has been widely accepted as
the best means of evaluating long-term glycemic control of patients with diabetes (Vale,
1995). The concentration of both HbAlc and total haemoglobin are measured and the
ratio to HbAlc to total haemoglobin is reported as per cent HbAlc over the range 2.514% (Me Clone, Paisley, Shields, & Carson, 1996).

Target HbAlc levels of less than 7% are recommended with the normal laboratory range
being 4-6% (Diabetes Federation of Ireland, 2000). The normal blood sugar level is
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around 5mniol/l (90mg/dl). Shortly after a meal, it increases to perhaps 7 mmol/1 (126
mg/d;). It seldom falls below 3.5mmol/l (63 mg/dl). In general, there will be no sugar in
the urine as long as the blood sugar level is below lOmmol/1 (180 mg/dl). The figures
illustrated in Table 3.1 below are the accepted by the Diabetes Federation of Ireland
(2000).

Table 3.1 Suggested levels of Blood Glucose for Diabetics
mmol/1

mg/dl

Fasting

7.0

126

One hour after a meal

10

180

Two hours after a meals

8.0

144

Before bedtime (minimum)

6.0

108

The HbAlc measurement was carried out independently by the hospital for
standardization and reliability. The method used to analyze the blood sample was
chromatography. There is a huge variety of methods that can be used to analyze the blood
sample as seen in the literature review. Therefore under the assistance of the Diabetes
Federation of Ireland, a quality assessment scheme for one of the most important blood
tests for the long-term management of diabetes has been successfully operating since
January 1998. It is important to ensure that test results are correct, as part of their overall
quality system all modem hospital laboratories participate in schemes that compare test
results with those of other laboratories. Such schemes strive to ensure comparable results
between hospitals for the one patient sample. The scheme is organized by the Irish
External Quality Assessment Scheme (IEQAS)(Graham, 1999).

3.6 Design of Study
Prior to the actual testing session, each individual was given information on the tests that
were to be conducted and how exactly it worked. Additionally they were given ample
time to air any worries or queries. They also completed a full screening and consent form
(See Appendix B & A). Individuals had to obtain an HbAlc result for pre and post
exercise intervention. All participants were informed that they would be asked to perform
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a blood glucose test before and after the testing sessions, which would be carried out by
them personally. They were aware of the importance of maintaining the exercise
guidelines given and of keeping daily exercise diaries. Information required on the record
sheets include such variables as type of exercise, peak heart rate, rate of perceived
exertion, exercise time, pre blood glucose (BG), pre food, food and BG during and post
BG and food (See Appendix D for copy of record sheet). The training diary or record
sheets were used to establish the exact level of physical activity undertaken through the
12-week intervention period. Subjects had their own individual glucose-monitoring
device called a glucometer. The advantage of having an individual hand held device
means that blood glucose results are readily available and stored in the memory so that it
is feasible to identity and highlight changes and fluctuations in the blood glucose levels
as a result of various lifestyle modifications such as exercise. Access to these monitors
was available so as to assess the differences in blood glucose as a result of exercise and
changes in lifestyle habits. It also provided the opportunity to have a general overview of
the individual’s blood glucose control.

Each participant was given advice on how to estimate the correct intensity level so as to
maintain a training effect during the intervention period. The exercise prescription
involved monitoring and teaching patients to assess their own progress (Klingman,
Hewitt & Crowell, 1999). This was be to achieved through the use of heart rate (refer to
Appendix F) or rate of perceived exertion.

The rate of perceived exertion (RPE) provides means of quantifying subjective exercise
intensity and have been found to correlate well with oxygen uptake and heart rate (Egger
& Champion, 1990). The scale values range from 6 to 20 and can be used to denote heart
rates ranging from 60 to 200 beats per minute. This was intended to make the scale easier
to use because a certain value on the scale e.g. 13 would match approximately a heart rate
of 130 beats per minute for 30 to 59 years old subjects. This close relationship was not
intended to be taken too literally because the meaning of a certain heart rate as an
indicator of strain depends upon age, type of exercise, environment, anxiety, and other
factors (Borg, 1982). Neither a single RPE value nor a heart rate measure may be used
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alone as an accurate indicator of “dangerous strain”. They complement each other (Borg,
1982). A suggested rating of RPE for most healthy individuals is 12 to 16, (moderate to
heavy)(Pollock & Wilmore, 1990) Appendix F illustrates the Borg Scale of perceived
exertion.

The actual exercise prescription of each individual was completed separately as
enjoyment and self-interest were seen as important factors so as to maintain adherence in
any programme. Therefore the actual activities and exercise prescription varied for each
individual but the recommended guidelines for intensity and frequently were similar for
each individual. The protocol prescription to exercise for at least 30 minutes at moderate
intensity at least 3 times per week and preferably on most days correspond with those
from the Surgeon General’s Report (US Department of Health and Human Services,
1996). The exercise prescription for people with diabetes must be individualised
according to medication schedule, presence and severity of diabetic complications, and
goals and expected benefits of the exercise programmes. Food intake with exercise must
also be considered (ACSM’s, 1997). To encourage a better outcome expectation, the
rationale for the prescription of exercise should include discussion of the social,
psychological, and general health benefits in population as a whole as well as particular
benefits in person with diabetes (American College of Sports Medicine, 2000).

Weekly contact was facilitated on an individual basis either by phone or by meeting.
These weekly sessions were beneficial due to the fact that it gave ample opportunity to
discuss any concerns or problems that might have been occurring, it provided the
opportunity to collect completed record sheets and to progress programme if required so
as to maintain a level of moderate activity. It also had the added benefit of encouraging
continued activity due to the fact that they were aware that someone would be checking
up on their activity levels. After approximately 12 weeks the subjects were then asked to
attend the SHaPE Centre so as to complete a retest of the physiological and psychological
tests. The schedule of the retest (namely day and time) was identical to the first test so as
to maintain similarities and to increase confidence and familiarities. All information from
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individuals was coded and down loaded into computer packages so as to maintain privacy
and confidentiality.

3.7 Analysis
The data obtained was analysed to assess the change in the relationship in blood glucose
control as well as in the physiological and psychological components of health as a result
of a 12-week exercise programme. Additionally it has the added value of initiating
individuals to test their own blood glucose levels more frequently and more importantly
exactly how different exercise regimes affected their glucose levels. It also gives us a
clearer indication of the level of fitness of this sample group of diabetics.

The results of the study were analysed into case studies due to the fact that the case study
approach gathers a large amount of information about one or few subjects. Consequently,
through the depth study of a single case, a greater understanding about similar cases is
achieved. One of the principle advantages of the case study approach is that it can be
fruitful in formulating new ideas and hypotheses about problem areas, especially areas
for which there is no clear cut structure or model (Thomas & Nelson 1996). Case studies
thus become a very viable avenue to gain a better understanding of the application and
effectiveness of performance enhancement and

intervention

strategies

(Ott

&

Longnecker, 2001; Vincent, 1995).

The values obtained for the variables assessed were compared against norms for sex, age,
height and weight from norms tables and results of previous studies completed to date but
additionally some variables were compared against values obtained from a control groups
namely HbAlc measurements, age and sex.

In comparing before and after situations between two sets of data for type I and type II
group of subjects separately on all tests, t-tests were used because of the parametric
(kurtosis and skewness values) distribution of the values and additionally because of the
small number of subjects in study. Additionally comparison of blood glucose control
between the experimental and control groups were analysed. Consequently ANOVA’s
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were completed for both groups on the 3 sets of values of HbAlc levels. Also linear
regressions were used to represent the best prediction of a dependent variable (total
exercise days or RPE) from several independent variables (VO2 max, HbAlc, % body fat,
general well-being). Regression analysis is used when independent variables are
correlated with one another and with the dependent variable. The stepwise regression was
used which signifies the most important variable in the equation. It highlights the most
important differences.

3.8 Treatment of Data
The raw data from the results of the test were processed using a Gateway E-1400
accessing the Microsoft Excel and the Statistical Package for Social Sciences (SPSS).
Descriptive statistics were calculated using the formula in the P.C. packages and some
using the Casio Scientific Calculator.
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Chapter 4
Data Analysis
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4.1 Introduction
The purpose of this chapter is to provide information on :
•

The effect of a 12-week exercise intervention programme on their
physiological and psychological well-being as a group of Type I subjects and
as individual diabetics.

•

It also gives us the opportunity to illustrate the knowledge of the diabetic
sample about exercise, the amount of blood glucose monitoring tests taken
each day and about the effect of exercise on blood glucose control.

The rationale behind using case studies was so as to provide detailed information
about an individual and to determine unique characteristics about the subject and the
condition (Thomas & Nelson, 1996). The advantages of a case study are namely that
it provides an in-depth understanding of a single situation. In gathering a large amount
of information the underlying assumption is that this case is an example of many other
such cases. Consequently, through the in-depth study of single case, a greater
understanding about similar cases is achieved (Merriam 1988). It is important to note
that random sampling is not used because the purpose of a case study is not to
estimate some population value but to select subjects from which one can learn the
most (Goetz & LeCompte, 1984; Chein, 1981).
Following on from the individual case studies a group analysis of the 9 subjects with
Type I diabetes was conducted so as to assess overall changes in the key physiological
and psychological components measured. 1 subject was excluded from the group
analysis due to the fact that Subject 8 has Type li diabetes and as such is a very
distinct disease from Type I diabetes. Even though there were individualised training
prescription undertaken the intensity, duration and frequency were relatively similar
across the grip as accessed by means of the training diary (Appendix D). The slight
variation in actual activity patterns may have had an impact on the post physiological
intervention parameters measured. The relationship between the test retest was
investigated using a Microsoft Excel Package and the Statistical Package for the
Social Sciences (SPSS) on the Gateway 2000 P5_120. It analysed the data using
descriptive statistics, t-tests, analysis of variance (ANOVA), and regression analysis.
In relation to how we assessed the individual measurements for such things as the
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physiological and psychological components we referred to the specific tables or
standards for interpretation of the results. These tables transfer to classification of
results into such headings as low, fair, average, good and high. They can be classified
down further into male and female and additionally into age groups. These
interpretations of results are used as guidelines and give an indication of where results
lie in relation to the general population.

4.2 Case Studies
Values for all subjects can be seen in Table 4.40 where the key components of their
physiological and psychological well-being both before and after the 12-week
exercise intervention programme are identified. There was also considerable
qualitative information obtained as a result of informal sessions whereby open-ended
questions were asked to find out information in relation to individuals adaptations as a
result of diabetes. Throughout the intervention period there was weekly contact with
each subject whereby issues or problems were discussed so the subjects could benefit
from the programme. Post intervention there was informal sessions concerning key
issues relating to exercise and diabetes control in general. An evaluation sheet after a
6-month observation period provided further additional information that was useful
for the case study approach.

4.2.1 Case Study 1
Subject 1 is an 18-year-old female student who has type I diabetes mellitus for
approximately 13 years. The blood glucose control as measured by HbAlc is
generally within the given standards of approximately 7%, yet when you look over the
blood glucose monitor results it is easy to identify regular and very large fluctuations.
There have been several incidents of both severe hypoglycemic and hyperglycemic
attacks over the last year, which has resulted in hospitalisation. The subject currently
does not smoke or drink and prior to the intervention programme the subject was
starting to exercise regularly participating in such activities as walking and gym work.
Current practices in relation to blood glucose monitoring were good in that the subject
tested regularly (4 times daily) and did so before and after exercise usually. The
current practices in relation to exercise involved no change in insulin level and an
increase in food consumption. There are exercise guidelines available concerning the
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issue of reducing insulin and increasing food consumption and this is dependent on
various levels of blood glucose control. There are no stipulations whether one should
reduce insulin first or that one should consume food. The insulin regimen was twice
daily involving use of insultard and actrapid but the subject was in the process of
negotiating a change in this regimen to 4 injections a day. The subject currently
classifies her life as stressful.

The results of the physiological assessment were as follows:
Table 4.1 Results of Physiological Measurements for case study 1
Pre

Post

1 • Vo 2 max acrobic capacity (ml.kg.min'')

39

46.2

2. Body Fat (%)

30.5

33

3. Body Mass Index

24.6

24.87

4. Flexibility - Right (°)

75

75

5. Flexibility - Left (°)

84

85

6. FEV1 - Forced expiatory volume (1)

2.42 1

2.54

7. FVC - Forced Vital Capacity (1)

2.43 1

2.68

8. PEF- Peak Expiratory Flow (1/m)

321

453

9. FER - Forced Expiratory Ratio (FEVI/FVC%)

99.58

94.77

Variables

Subject 1 completed a sub maximal aerobic test to assess her levels of fitness due to
the information given on her screening form. The results show that subject 1 was in
the 90 percentile for aerobic capacity before the actual intervention programme began
and after the programme it developed to above the measure for the 99 percentile.
These results are slightly disputed by the standard tables whereby the subject was
classified as being in the average category before programme and in the above
average after programme. (Refer to Appendix C for norm tables). The increase in VO
2

max was approximately 7%, which has been found in other studies (Zinman et al.,

1984). As the activity was sub maximal and not intensive, there may be evidence to
cite aerobic activity as a requisite for diabetic patients without a history of exercise.

In relation to percentage body fat the initial and post body fat values were classified as
moderately high and high yet the body mass index (BMI) was classified as below
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normal (Di Girolamo, 1986). The percentages indicate levels of over fat as laid out in
the classification table. Therefore showing the difference in interpretation of results.
BMI does not differentiate between fat free mass and fat mass and there is a
difference in total weight between values. Therefore resulting in different
classification results for the same individual.

In relation to flexibility both the pre and post flexibility values for the right and left
leg were classified as moderately low and low. There was no change in the subject’s
flexibility as a result of the intervention programme.

Lung function is broken down into the four measurements namely, FEVl, FVC, PEF
& FER. The FVC measurements both pre and post were well below the

percentile

(Australian Fitness Norms, 1992). This was similar for the FEVl measurement. In
relation to the PEF value it was initially below the norms given but after the
intervention reached a level significantly higher than the norms given of 416 1/m. The
FER was substantially higher for both the pre and post measurements, whereby the
norm for the subject’s height and age was given as 84% and the results achieved were
substantially higher than this (Australian Fitness Norms, 1992). In general the lung
function measurements should not change significantly as a result of exercise (Me
Ardle, Katch & Katch, 1994). The lung function measurements are generally below
those found in the general population, which might suggest a pulmonary problem
(Carroll, 1986).
In relation to the subject’s psychological well-being, this component was assessed
using the Bradley (1994) Well-Being Questionnaire. This self-report measure gives an
overall level of general well-being and additionally a sub measure of four
measurements namely, depression, anxiety, energy and positive well-being.

To date there is no actual guidelines or statistical norms for the well-being measure
but from studies completed to date by Bradley & Lewis, (1990) and Thibult, (1990)
they have reported it to a reliable instrument with the diabetic population. From the
results of their studies they had a mean value for 39 for general well being where as
subject 1 had a general well being score of 44, which increased to 47 after the
intervention. The mean results for the anxiety and depression scales are similar in the
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studies completed to date (6 and 5 in subject 1 to 4 and 6 for depression and anxiety
mean values). The diabetic population has been citied as a group that because it is a
long-term illness are prone to depression (Craft & Landers, 1998; Bradley, 1994). It
has been reported that exercise has the potential to actively reduce depression in the
general and diabetic population (Peyrot & Rubin, 1997; Martinsen, 1990, 1993, 1994;
Gleser & Mendelberg, 1990) but no such claim can be made from case study
methodologies.

Table 4.2 Psychological measures before and after intervention in case study 1
Variable

Pre

Post

General well-being

44

47

Depression

6

5

Anxiety

4

4

Energy

6

8

Positive well-being

12

12

In relation to the overall blood glucose control measured by HbAlc we can see some
change especially 6 months after the intervention programme.

Table 4.3 Blood Glucose Control in case study 1
Variable

HbAlc -Before

HbAlc-After

HbAlc- 6 months later

HbAlc

7.2

7.4

8.9

It is quite clear from the above results that the HbAlc increased slightly just after the
programme and increased again in the observation period to levels higher than the
suggested norms for HbAlc levels. After the exercise programme it was particularly
elevated, even though the subject had continued to exercise regularly there was still a
significant increase. Thus could be due to several factors such as change in insulin
regimen and difficulties in balancing the blood sugars as a result, which has resulted
in hospitalisation. Additionally the subject has been sick for a period as well.

From the result of the fitness test completed at the pre intervention level we can see
that the subject’s pre blood glucose levels was 9.7 mmol/L and after exercise for
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approximately 30 minutes which included a warm up and cool down period that her
blood glucose levels had reduced to 8.7 mmol/L over this time period. The exercise
undertaken was of moderate intensity. This reduction in blood glucose levels is
constant with the exercise days but in general the starting blood glucose levels were
higher and the drop much more considerable in a time frame of appropriately 50
minutes of moderate intensity exercise.

From the evaluation sheet 6 months after the intervention study it clearly displayed
the subject’s satisfaction with exercise not only for improving her weight and blood
glucose control but additionally of “making her feel more energetic and helping my
diabetes as well as my general health”. It also had the effect of highlighting the need
for constant blood glucose monitoring, as there were considerable changes in the
subject’s control as a result of different types of exercise and duration as well as pre
levels of blood glucose control. Additionally the subject continued to exercise on a
regular basis and found that more food was not consumed and that the insulin intake
was reduced slightly, which may have actually caused the higher levels of HbAlc.

Subject 1 completed 117 potential exercise days between the pre and post testing
sessions. In total subject 1 had 35-exercise sessions within the 117 days, which break
downs into a little over 2 sessions per week for 12 weeks. The activities participated
in were mainly aerobic activities like walking, gentle jogging and cycling. The
duration on average was between 45-60 minutes. The intensity of exercise assessed
via heart rate (x = 135 bpm) and rate of perceived exertion (x = 14) suggest that the
exercise was of moderate intensity. Additionally pre glucose levels fluctuated
considerably but the majority of exercise resulted in an acute lowering effect as has
been proven in many studies to date (Wallberg-Henriksson et al., 1986; Zinman et al.,
1984). The insulin change prescribed by the subject’s physician has played a huge
effect on the results, as 6 months post testing there appears to be a poorer control of
HbAlc levels. This has since stabilised 9 months post testing where the results are
now within the 6-8 mmol/L bandwidth.

4.2.2. Case Study 2
Subject 2 is a 37-year-old male whom was had type I diabetes mellitus for
approximately 21 years. The subject’s blood glucose control appears to slightly
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elevated in accordance to recommendations setting out the goal of 7% as the ideal.
Thi subject already exercises regularly enough and has not had any serious

complications in last 12 months. The subject currently does not smoke or drink more
than the recommended allowance of 21 units per week. The exercise that the subject’s
participates in to date includes tennis, weights and aerobic work such as stair master,
treadmill etc. The subject’s current practices were already well-established in relation
to testing before and after exercise. The current practices in relation to exercise
in^olved no change in insulin levels but an increase in food consumption if so
recuired. The insulin regimen involves the use of insultard and actrapid three times a
day. The subject currently does not classify his life as stressful.

Th^ results of the physiological assessment were as follows:
Table 4.4 Results of Physiological Measurements in case study 2
Variables

Pre

Post

1 • VO2 max -aerobic capacity (ml.kg.rniif')

52.91

49.6

2. Body Fat (%)

20

17

3. Body Mass Index

24.8

25.76

4. Flexibility - Right (°)

83

83

5. Flexibility - Left (°)

66

85

6. FEVl - Forced expiatory volume (1)

3.71

3.81

7. FVC - Forced Vital Capacity (1)

4.17

4.35

8. PEF- Peak Expiratory Flow (1/m)

427.2

538.2

9. FER - Forced Expiratory Ratio (FEVI/FVC%)

88.96

87.58

Due to analysis of subjects 2 screening form (see appendix B) it was deemed
appropriate to carry out a VO2 max test to exhaustion. The results demonstrate that
suDject 2 was in the 99 percentile for aerobic capacity before we actually initiated the
exsrcise intervention programme. As a result of the 12-week exercise programme the
participant’s aerobic capacity actually reduced slightly to 49.6. This result still leaves
the participant in the 95 percentile for age and aerobic capacity. According to the
ncrms tables the results have the subject in the category between good and excellent.
One of the reasons for a lower VO2 max could have been the lack of exercise days
completed over the 12-weeks.
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In relation to percentage body fat the scores for both pre and post were classified as
within the levels suggested for good health that being 10-25%. In a further
classification of the results into standards for evaluation of body composition the
results are present in the optimal range. The body mass index was just barely below
the level classified as normal for men.
The subject’s flexibility for both the right and left legs were within the bands
suggested for average. There does not seem to have been any change in the flexibility
of the right leg whereas there was considerably change in the left results leading us to
question the first reading of flexibility even though 3 measurements were taken.
Maybe it could suggest that there was an injury of some sort that day or it could have
resulted as a consequence of over training.
In relation to the lung function results the FVC measurements are just below the 5percentile range for the pre measurement and are approximately in the 10-percentile
range after the programme. The FEVl measurements were slightly below the norms
given for the subject’s height and age but were not significant in that it was only 0.251
below the norms for FEVl. The PEF both pre and post were also below the
recommended norms yet the FER scores was significantly higher than the norms
given by as much as 8.5%. The low values could have to do with incorrect technique
as Pilcher (2002) found that low FVC and FEVl scores were attributed to a patients
breathing from the cheeks rather from the diaphragm.

Table 4.5 Psychological measures before & after the intervention in case study 2
Variable

Pre

Post

General well being

54

64

Depression

2

0

Anxiety

4

1

Energy

7

11

Positive well being

17

18

From the results of previous studies carried out using the Well-Being Questionnaire it
is useful to make comparison to highlight high levels for some of the variables. In

Olive Fanning M.Sc. Health, Fitness & Leisure

165

Data Analysis

relation to overall general well being subject 2 scored very high even before the
programme with a level of 54, which increased to 64 after the 12 weeks. The mean
scores given for same were 43 for males. Subject 2 had similar readings for both
depression and anxiety as found in the norms but after the intervention programme
these levels of both depression and anxiety reduced to very low levels. In both energy
and positive well-being the subject had considerably levels of both states both pre and
post the intervention.

In relation to the subject’s overall blood glucose control measured by HbAlc it is
clear to identify significantly reductions both over the 12 weeks of the intervention
study but more importantly into the 6 months following the study.

Table 4.6 Blood Glucose Control in case study 2
Variable

HbAlc-Before

HbAlc-After

HbAlc-6 months later

HbAlc

7.7

6.9

6.1

It is evident from the above results that the HbAlc level have reduced significantly
over the last 9 months. There was been a decrease of 1.6% in HbAlc levels over the
past 9 months. It has been proven that a 1% decrease in HbAlc can significantly
reduce the chance of getting complications (DCCT, 1993).
The drop in blood glucose levels was identified after participating in exercise for
approximately 40 minutes whereby the subject undertook a warm up, aerobic work
out to exhaustion and a cool down. Therefore the intensity moved from moderate to
high and back to moderate over 40 minutes the initial blood glucose measure was 10.3
mmol/L and this reduced to 6.7 mmol/L in just 40 minutes. From analysis of the drops
in blood glucose as a result of exercise they seemed to reduce by as much as 5
mmol/L. Yet the starting values could change slightly from maybe 7 mol/L to about
12.2 mmol/L.

From the evaluation sheet 6 months after the intervention programme it showed that
the subject felt that more food was not consumed on exercise days. In relation to the
exercise patterns, the subject had 133 potential exercise days and completed only 19
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exercise sessions within the potential 133 days. This breaks down into only one
exercise session per week for 13 weeks. The main activities undertaken still remained
to be running, weights and swimming was introduced as well. The intensity of the
exercise suggests that on some occasions the exercise would actually have been
anaerobic and at an intensity level of hard. The duration of exercise was in general 45
minutes. Subject 2 does explain that actually during the intervention programme the
levels of physical activity were actually much lower than normal and that since the
intervention the subject was been exercising a lot more regularly doing similar
activities as evident by his third HbAlc result.

4.2.3 Case Study 3
Subject 3 is a 37-year-old male who has type I diabetes mellitus for 24 years
approximately. The blood glucose control is overall extremely good in that the HbAlc
results are generally within the range of 7% give or take 0.5%. The subject has not
experienced any complications over the last year and actually takes preventive
measures to combat the risk of developing complications such as taking blood
pressure tablets. The subject has never smoked or drank alcohol and does partake in
some exercise but not on a regular basis. The main activity would include indoor
soccer with work during the winter months. The current practices in relation to blood
glucose monitoring are extremely good with regular monitoring before and after work
and through out the day. The current practices in relation to exercise involve a
decrease in his insulin and an increase in carbohydrate if so required. The insulin
regimen involves the use of rapid novo and insultard. The subject is currently getting
used to insultard as has only been on this longer type insulin a little over 3 months.
The subject currently does not regard life as stressful.
From the analysis of subjects 3 screening form it was recommended that one would
complete a full VO2 max test, as the subject was quiet active already. The results of the
VO2 max or aerobic capacity place the subject in the 95 percentile before the
intervention and in the 99 percentile after the intervention. These results are supported
by the findings that the results correspond to the above good category on the norms
tables. The result in VO2 max was just under 4% but the subject’s initial level of fitness
was extremely high to start with.
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Table 4.7 Results of Physiological Measurements in case study 3
Variables

Pre

Post

1- VO2 max -aerobic capacity (ml.kg.min’’)

50.75

54.3

2. Body Fat (%)

20

19

3. Body Mass Index

23.5

23.16

4. Flexibility - Right (°)

73

87

5. Flexibility - Left (°)

65

65

6. FEVl - Forced expiatory volume (1)

4.71

4.75

7. FVC - Forced Vital Capacity (1)

5.23

5.67

8. PEF- Peak Expiratory Flow (1/m)

559.2

550.2

9. FER - Forced Expiratory Ratio (FEVI/FVC%)

90.05

83.77

The body mass index scores were approximately 1.5 below that classified as less than
normal (Di Girolamo, 1986). In relation to body fat the result classified the subject in
the category for good health and further more when broken down into age categories
the results are seen in the optimal range. (Refer to appendix C).
The subject’s flexibility was substantially different for both the right and the left leg
in that there was a huge difference both before and after the exercise intervention
program. There was considerable improvement in the flexibility of the right foot with
no change at all in the left. The screening form does suggest a long term injury to the
left leg, which might result in the lower value for this leg.

Lung function scores for FVC were just below the 50-percentile pre intervention and
rose to just below the 75 percentile after the intervention. The FEVl scores well
exceeded the norms given by as much as 0.6. The PEF values were comparable with
the norms given of approximately 586. Whereas the subject’s FER values were
significantly higher than the norms given by as much as 10 pre intervention.

From the mean values found in other studies to date subjects 3 values seem to be
slightly lower for general well-being by as much as 7 in that the mean values given
from other studies is 43. The depression and anxiety scores were significantly higher
than those found in studies to date. The subject’s positive well-being was nearly
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comparable with the norms. The well being measure represents your feelings over the
last few weeks and the subject did indicate that there had been a huge change in
circumstances and lifestyle over the past few months which might have resulted in the
high levels of anxiety and depression. This is confidential information and as such
will not be discussed as part of client patient confidentiality.

Table 4.8 Psychological measures before and after intervention in case study 3
Variable

Pre

Post

General well-being

40

36

Depression

3

7

Anxiety

11

10

Energy

6

5

Positive well-being

12

12

It is evident from the blood glucose measurement that subjects 3 control is generally
good and in line with current recommendations for overall blood glucose control.
During the 12-week intervention programme there was a 0.5% decrease in HbAlc
levels. It was been suggested by the DCCT (1993) that even a 1% decrease in HbAlc
levels could reduce the possible occurrence of complications. There is a gradual
decrease in HbAlc by 0.6% over 9 months. Also from analysing the subjects blood
glucose monitor results there is a significant decrease in blood glucose as a result of a
each exercise session.

Table 4.9 Blood Glucose Control in case study 3
Variable

HbAlc-before

HbAlc-after

HbAlc-6 months later

HbAlc

7.2

6.7

6.6

In the exercise testing session whereby subject 3 undertook a set exercise regimen to
fulfil the aerobic capacity test, which resulted in moderate to hard intensity exercise
for about 35 minutes. The subject did reduce insulin before starting. The subject had a
blood glucose levels of 9.4 mmol/L before starting exercise and after exercise this
level had risen to 12.1 mmol/L. This was seen again in the post intervention testing
session whereby the blood glucose level was 7.6 before starting but had risen to
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12.4mmol/L after the exercise session of approximately 35 to 40 minutes. This could
have had to do with reducing insulin or exactly when one’s food was consumed or
additionally the subject might have been anxious about the test session. Yet during
exercise in the intervention period there were consistent decreases in blood glucose
levels as a result of exercise by as much as 3-4 mmol/L on average. The subject’s
starting values were around high 7 to low 8 mmol/L. This highlights again that
individual control is significantly different and highly individualised amongst the
group even though the sample is relatively small.

From the 6-month evaluation sheet it shows that subject 3 is still exercising regularly
and even more so since the intervention due to the summer months. The subject
emphasises that more food is consumed on exercise days as exercise makes the
subject hungry. The subject reiterates that one feels that exercise and diet in
combination are the best way to control the blood sugar over time.

Subject 3 had 105 potential days of exercise whereby actually participating in 30
sessions over that time. This breaks down into 2 sessions per week. The main
activities participated in were cycling, indoor soccer, and walking. From the record
sheets the intensity of this exercise was at a moderate intensity and for a duration of
approximately 50 minutes. The exercise session had an acute lowering effect that
actually resulted in quite low post exercise levels, which resulted in the need to
consume carbohydrate. The subject’s practices of regular and frequent blood glucose
monitoring actually increased slightly and exceeded the recommendations guidelines.
However the need to receive regular feedback is a necessary standard within the
diabetic population and given the contradictory literature on exercise and type I
diabetes it illustrates the need for an individual profile and a generic norm for all
procedures.

4.2.4 Case Study 4
Subject 4 is a 27-year-old female with type I diabetes mellitus for approximately 23
years. In general the blood glucose control is about 2% higher than the given standard
of 7%. The subject has had problems with severe high and lows and has been
hospitalised for same over the last year. The subject currently does not drink or smoke
and has never been involved in an exercise programme to date but does perform
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irregular exercise such as walking to work occasionally. The current practices in
relation to blood glucose monitoring before and after exercise are poor yet the subject
does take blood samples quiet regularly. In relation to the practices for exercise the
subject does not change the insulin doses but increases the intake of food in the form
of carbohydrate. The insulin regimen involves the use of actrapid and insultard four
times a day. The subject currently regards life as stressful sometimes.

From the analysis of subject’s 4 screening form it is envisaged that the sub maximal
aerobic test would be most suitable for the individual due to the past level of exercise
and fitness levels. From the percentile table subject 4 is above the 95 percentile before
the intervention and is 2.5ml.kg-l.min'’ higher than the 99 percentile. When these
results are broken down into classification for age the result before the intervention as
classified as above average whereas after the intervention the results are included in
the good category. There was an increase of just over 4.6 ml.kg-l.min'' as a result of
the 12 exercise intervention programme.

Table 4.10 Results of Physiological Measurements in case study 4
Variables

Pre

Post

1. VO2 max- aerobic capacity (ml.kg.min'' )

43

47.6

2. Body fat (%)

26

24.7

3. Body Mass Index

24.7

23.75

4. Flexibility Right (°)

91

95

5. Flexibility Left (°)

89

95

6. FEVl-Forced expiratory volume (1)

2.66

2.87

7. FVC- Forced Vital capacity (1)

2.66

2.66

8. PEF-Peak Expiratory Flow (1/m)

576.8

571.8

9. FER-Forced Expiratory Ratio (FEVI/FVC%)

99.99

98.1

In relation to the percentage body fat the scores place the subject in the category “for
good health”. When these scores were classified into age the scores correspond to
moderately high which suggests that the subject should try to reduce this level slightly
and should not gain more weight. The body mass index score is about 2-3 below that
suggested from norm tables. But it must be taken into account that body mass index
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does not differentiate fat weight from fat free weight. Therefore caution interpretation
of body mass index results must be made. Thus, it is insensitive to respective
contributions of muscle and fat free weight to body weight (Heyward & Stolarczyk,
1996). Despite the evidence BMI is still continually been used to categorise person
with respect to health fitness (US Department of Health and Human Services, 1996).

The flexibility of both the right and left leg are similar and had identical
measurements after the exercise intervention programme. These levels of flexibility
classified the subject in the moderately low category.

The FVC values when assessed using percentile tables showed the results to be well
below the 5 percentile mark and this relationship did not differ much as a result of the
intervention programme. When this result was classified in accordance to age the
results for FVC and FEVl were well below the norms suggests by as much as 1 in
some cases. The PEF values were considerably higher than the norms given for the
subject’s age and height by as much as 150. But there was very little change in the
PEF values as a result of the intervention. Even though the values are below the
recommended levels for the subject’s height, weight and age there was not a
considerable change in the overall lung function values for the individual which is
comparable with normal individuals after an exercise intervention programme (Me
Ardle, Katch & Katch. 1994).
The subject’s overall general well being increased slightly after the exercise
inteiwention programme and the values for this trait when compared against past
studies the subject’s levels of general well being were slightly higher before and after
the intervention by as much as 7. The depression scores were slightly lower than
studies found and there was an increase in depression from feelings of none to
feelings of 3 for depression. The diabetic population have been citied as a group that
because of the high levels of self care and unpredictability of the disease are prone to
depression (Lloyd & Orchard, 1999). The anxiety scores were high and actually
increased slightly after the intervention programme. The subject’s levels of anxiety
were higher than those found in previous studies. The positive well being scores were
well below those levels found in previous studies but there was a considerably
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increase in positive well being after the intervention study which resulted in the values
for this trait being higher than those found in previous studies.

Table 4.11 Psychological measures before & after the intervention in case study 4
Variable

Pre

Post

General well-being

46

48

Depression

0

3

Anxiety

6

7

Energy

7

8

Positive well-being

9

14

From these results of overall blood glucose control it is quite clear whether that the
levels are elevated above those recommended for good health. The subject’s HbAlc
levels did decrease slightly over the period of the 12-week exercise intervention
programme but this decrease was not maintained over the following 6 months and it
actually nearly returned to pre intervention level. During the post intervention period
subject 4 had not completed any regular exercise at all and had nearly ceased exercise
altogether. The fluctuations in the subject’s blood glucose control were similar with
and without exercise in that there were decreases by as much as 10-15 mmol/1. The
subject’s glucose monitor results show very severe high and lows constantly before,
during and after the intervention period. The manner of dealing with the low blood
glucose by ingesting glucose unfortunately causes a rebound effect and this subject
therefore requires nutritional advice.

Table 4.12 Blood Glucose Control in case study 4
Variable

HbAlc-Before

HbAlc-After

HbAlc-6 months later

HbAlc

9.1

8.7

9.0

During the fitness testing session the subjects blood glucose (BG) levels before and
after exercise were assessed. Beforehand the BG levels were 6.2 mmol/L and after 30
minutes of moderate exercise the BG has decreased to 4mmol/L. Similar results were
observed in the post intervention session whereby her pre BG levels was 4.2 mmol/1
and it reduced to 2.9 mmol/1 following exercise. The blood glucose level of 4.2
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mmol/1 suggests from current recommendations that exercise should not have been
undertaken. Yet her starting values were much higher during the intervention period
and the drops were usually in the region of 2-3 mmol/L. Even though the subject’s
starting values during the intervention period were higher it highlights the need for
education on when and when not to exercise so as to maintain safety. It also highlights
the need for ketone information, which was unavailable due to the fact that none of
the subjects undertook periodic urine testing. The duration was only 20-25 minutes
and the subject’s perception of energy utilisation may have been misinterpreted.

From the evaluation sheet 6 months after intervention it suggests that subjects 4 is
completing exercise irregularly as the subject realises how important exercise is but is
very stressed by the amount of lows one can experience as a result of exercise and as a
result ends up eating more on these days especially chocolate. Chocolate has the
effect of increasing blood glucose levels dramatically to peaks but it then
catastrophically drops to a low within 2-8 hours (Gordon, 1993). Again the
importance of nutritional advice for this subject is emphasised. This highlights the
point that intense exercise does bring a lower blood glucose response, which can also
have other complications. Additionally the subject realised how important it is to test
blood glucose control before and after exercise and it has resulted in the subject
testing on a regular basis.
Subject 4 had 104 potential days to exercise and completed 54-exercise session over
that time period. Which actually breaks done into 3.6 sessions per week. The intensity
of the exercise was low to moderate (55-65% of MHR) and the duration of such was
also relatively short with a mean value of approximately 20-25 minutes. The level of
activity and the subsequent changes in HbAlc might suggest that activity needs to be
completed at a more vigorous level to that of 70-75% of MHR. The main activities
undertaken were walking and cycling.

4.2.5 Case Study 5
Subject 5 is a 46-year-old male with type I diabetes mellitus and has had the disease
for 12 years. The subject’s blood glucose control is generally within the given
standards of HbAlc of 7%. Yet when you look over the results from the glucose
monitor there are some fluctuations that result in hypoglycemia attacks. But the
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subject has not had any attacks or complications that have resulted in hospitalisation
or medical treatment over the last year. The subject currently does not smoke or drink.
The current practices in relation to blood glucose monitoring before and after exercise
are poor in that the subject does not monitor blood glucose at all. Yet the subject does
reduce insulin before exercise and increases food intake in the form of carbohydrate.
The subject also classifies life as being stressful sometimes.

Table 4.13 Results of the Physiological Measurements in case study 5
Variables

Pre

Post

1. VO2 max aerobic capacity (ml.kg.min'' )

48.48

56.66

2. Body fat (%)

11

12

3. Body Mass Index

22.88

22.33

4. Flexibility Right (°)

110

90

5. Flexibility Left (°)

105

85

6. FEVl-Forced expiratory volume (1)

3.86

3.87

7. FVC- Forced Vital capacity (1)

4.39

3.92

8. PEF-Peak Expiratory Flow (1/m)

525

578.4

9. FER-Forced Expiratory Ratio (FEVI/FVC%)

87.92

98.72

From analysis for subject’s 5 screening form and lifestyle questionnaire it was
feasible to complete a full VOzmax test. The results of the VO2 max test before the actual
intervention began place the subject in the 95-percentile level and after the
intervention the results actually exceeds the 99-percentile level. When these results
are transferred to norm tables broken down into ages the subject is placed in the good
category before intervention and after the intervention is placed in the excellent
category. The actual increase in VOsmax levels is just 8ml.kg-l.min \

In relation to percentage body fat levels subject 5 was classified as having levels of
body fat that place one in the classification of “for good performance”. When this is
further classified down into age groups the results are placed just within the low
category. When the subject was assessed using body mass index the results indicate
that one is well below the normal level of less than 25 for men. It is interesting to note
that the percentage body fat measures increased slightly and the body mass index
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scores decreased slightly suggesting that the subject actually lost weight on scales but
actually put on more body fat. This highlights the weaknesses in BMI, as it does not
differentiate between fat mass and fat free mass, therefore suggesting that there might
have been a decrease in fat free mass, which actually weighs heavier than fat. This
type of change in body composition usually occurs as a result of some type of local
muscular endurance exercise or weights sessions.

The flexibility scores are very high initially, with scores that place them well into the
moderately high category. But after the intervention programme the results decreased
to levels that place them in the average to moderately low category. The decrease of
approximately 20° seems strange in that maybe the subject over stretched the first day
or was stiff or injured the second day of testing when asked at screening compared to
when asked at post intervention testing.

The lung function results of FVC on percentile ratings were just above the 5
percentile ratings but when compared against the norms tables the results of the pre
intervention tables were only slightly below the norms given but the post intervention
values were significantly lower by as much as 0.471. The FEVl values were nearly
identical for pre and post intervention and were above the norms given for the
subject’s age. The PEF values were slightly lower than norms given pre intervention
but considerably higher in the post intervention-testing period. The increase in PEF
values from pre and post intervention was just over 53. Finally the FER value both pre
and post was considerably higher than the norms given both pre and post values. But
there was a considerably drop in the FER value from pre to post intervention time by
as much as 9. Overall there were not significant changes in lung function
measurements over the intervention period, which would be comparable with other
studies in normal populations (Me Ardle, Katch & Katch, 1996). The lung function
values above the recommended norms are no cause for concern (Carroll, 1986).

The subject’s general well being decreased by 4 over the period of the 12-week
intervention programme. The scores both before and after the intervention were
significantly higher than the norms given by as much as 14. Depression and anxiety
scores were lower than the scores found in previous studies. Also there was no change
in depression scores and a slight increase of 1 in the anxiety trait scale.
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Table 4.14 Psychological measures before & after the intervention in case study 5
Variable

Pre

Post

General well-being

57

53

Depression

1

1

Anxiety

0

1

Energy

6

5

Positive well-being

16

14

Positive well-being and energy were higher than those found in previous studies but
they did decrease slightly over the intervention period.

Table 4.15 Blood Glucose Control in case study 5
Variable

HbAlc-Before

Hb A1 c-After

HbAlc-6 months later

HbAlc

6.9

7.0

6.8

As one can see from the above results, the blood glucose overall control is near that
recommended for good health and decrease of complications. The HbAlc did not
significantly increase over the 12-week intervention programme and decreased very
slightly in the following 6-month period. Overall the subject’s blood glucose levels
are very good with no significant differences between the exercise intervention period
and the following observation period, this could be due to the fact that the subject has
overall good glucose control. From the results of the glucometer it is clear to identify
that when the subject starts an exercise period the blood glucose levels are relatively
high and have significant drops as a result of exercise of moderate intensity for
appropriately 50 minutes.
During the pre intervention testing session blood glucose (BG) levels were assessed
before and after to identify the changes in BG levels as a result of approximately 40
minutes of moderate to hard activity on BG levels. The initial BG level were 11.2 and
after the 40 minutes had reduced to 6.2 mmol/L after the exercise. Looking at the
subject’s record sheets for changes in BG level as a result of exercise it shows that the
subject usually begins exercise with high levels of BG in the range 12-20 mmol/L and
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the decreases in BG were significant with reductions of about 10 mmol/1 after only 50
minutes of moderate exercise.

From the evaluation sheet 6 months later the subject is still exercising regularly and
feels that one does consume more food on exercise days and has about 2 food
exchanges before training as well. This highlights the different strategies that
individuals have for participating in exercise as even between this small sample group
there was many different strategies being used. The subject will continue to train
regularly and has tried to test the blood more before and after training to see the effect
of training on one's blood sugar. The subject participates and will continue to
participate in exercise as the subject took up training to control blood glucose levels
and diabetes and the subject still thinks that the exercise achieves this goal.
Additionally the subject really enjoys the craic at training and feels good as a result of
training.

Subject 5 has 98 days of potential training days and participated in 30 exercise
sessions during this time which when broken down results in just over 2 sessions per
week. The main activities undertaken were swimming and a small bit of bicycle
exercise. The intensity of the exercise was mainly moderate with some levels of high
intensity. The duration of the activities were on average 50 minutes.

4.2.7 Case Study 6
Subject 6 is a 46-year-old man with type 1 diabetes for appropriately 20 years. In
general the subject’s blood glucose levels are slightly elevated above the
recommended level of 7%. The subject currently exercises quite regularly through
swimming and does not currently smoke or drink. The current practices in relation to
glucose monitoring are poor in that the subject does not test before or after exercise
and admits to not regularly testing the blood. The subject’s current practices in
relation to exercise involved no change in insulin and does involve an increase in food
consumption mostly in the form of carbohydrate. The subject’s current insulin
regimen is actrapid and insultard 4 times a day. The subject currently does not classify
life as stressful.
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Table 4.16 Results of Physiological Measurements in case study 6
Variables

Pre

Post

1. VO2 max- aerobic capacity (ml.kg.min'' )

47.76

54.89

2. Body fat (%)

12

12

3. Body Mass Index

21.79

22.02

4. Flexibility Right (°)

104

95

5. Flexibility Left (°)

no

90

6. FEVl-Forced expiratory volume (1)

3.99

3.85

7. FVC- Forced Vital capacity (1)

4.39

4.03

8. PEF-Peak Expiratory Flow (1/m)

577.2

561

9. FER-Forced Expiratory Ratio (FEVI/FVC%)

90.88

95.53

From the analysis of the screening form and the lifestyle questionnaire it was deemed
feasible to run a full VO2 max test with subject 6. The aerobic capacity results of the
percentile ratings rank the readings before the intervention period as just before the
85-percentile rating and it exceeds the 99 percentile readings after the 12-week
exercise intervention programme. When the results are expressed in relation to the
subject’s age they place them in the excellent category before and after the
intervention programme. Therefore even though the subject did have a very good
aerobic capacity before the exercise intervention started the subject actually still
increased aerobic capacity by just over 6ml.kg.min''.

In relation to percent body fat the values stayed stable at 12% over the course of the
intervention study. This value places the subject in the category for good performance
and additionally in the category of low when broken down in relation to age. The
subject’s body mass index value is well below the 25 given as normal.

The flexibility in both the right and left leg was very high the first night of testing and
as a result classifies the subject as having moderately high to high flexibility. But the
results of both legs decreased significantly in the post intervention testing session to
values 10 to 20° lower than before hand. Thus classifying the results as in the lower
range of the moderately high. This could have to do with the fact the subject did not
report an injury or an overuse muscle during the screening of the post intervention
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testing session. Additionally the subject may not have been motivated to stretch to
one’s full ability during the post intervention testing session.

The FVC results were classified as just above the 5 percentile which when analysed in
relation to norms for age and height was also significantly lower than the
recommended level. Also the FEV decreased slightly over the period of the 12-week
exercise intervention programme. The FEVl was higher than the value given on the
norms table’s ands it also decreased slightly over the 12 weeks. The PEF value before
the intervention was considerably higher than the norms values and even though it did
decrease over the 12 week period it was still considerably higher than the norms.

Table 4.17 Psychological measures before and after intervention in case study 6
Variable

Pre

Post

General well-being

57

60

Depression

1

0

Anxiety

2

1

Energy

9

8

Positive well-being

15

17

From the above results it is clear that the subject’s general well being increased
slightly over the 12 week period and the values are higher than those found in
previous studies by as much as 14 to 17. The depression and anxiety scores are very
low and both decreased one value over the 12-week and are actually lower than values
found in previous studies which that do contradict findings that there is higher rates of
depression among people with diabetes. The positive well being scores increased over
the 12 weeks and were higher than previous studies using this questionnaire by as
much as 3.5.

Table 4.18 Blood Glucose Control in case study 6
Variable

HbAlc-Before

HbAlc-After

HbAlc-6 months later

HbAlc

8.0

7.6

7.4
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Figure 4.1 Subject’s 6 - HbAlc Measurements

HbA1c Changes

9.00

Length of time

(Months)

As one can see there has been a decrease in the subject’s overall blood glucose control
over the 9-month period by as much as 0.6mmol/l. The decrease in the HbAlc may be
explained by continuation of exercise over the 6 months after the intervention.
During the exercise testing session before the actual intervention programme began
the blood glucose (BG) levels was assessed so as to identify the change in this
component as a result of approximately 40 minutes of moderate to hard exercise
which incorporated warm up, aerobic and anaerobic exercise and a cool down with
stretch. Before the pre session the BG levels was 9.6 mmol/L and following the
exercise the BG was 7.4 mmol/L. Looking at the record sheets for changes in BG it
seems to be that the subject started exercise with extremely high levels of BG in the
18-20 range and that there was a considerably large decrease in BG levels in the range
of 10-12 mmol/L.
From the evaluation sheet 6 months later, it clearly shows that the subject is still
exercising and consumes more food on exercising days as the subject felt that every
exercise session acutely lowered the blood glucose levels and that one was afraid of
getting hypoglycemia attacks and so therefore actually ate more before and after
exercise. The subject was also more conscious of testing the blood sugar and tests
before and after training periodically. The subject needed more frequent monitoring
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throughout the day to identify more clearly the control and highlights the need for
further educational processes with diabetic patients.

Subject 6 had 98 potential days of exercise and participated in 29 exercise sessions
over the 12 weeks. This actually breaks down into a little over 2 sessions per week.
The main activity was swimming with a small bit of windsurfing included. The
intensity was mostly of moderate activity but some training sessions involved aspects
of anaerobic work or high intensity exercise. The duration was usually set at 50-55
minutes. The subject is presently still continuing on a regular basis to exercise and
monitoring one’s blood glucose before and afterwards.

4.2.7 Case Study 7
Subject 7 is a 33-year-old female with type I diabetes for 24 years. The subject has a
lot of issues with the blood glucose control and as such the levels fluctuate
considerably over time. The subject has been hospitalised twice over the last year with
dangerous levels of blood glucose and lack of control. The subject currently not does
smoke but does drink but not to a level that exceeds the recommended allowance of
14 units per week. The subject presently does not participate in any form of exercise
or leisure physical activity. The insulin regimen involves actrapid and insulatard 4
times a day. The subject currently classifies life as stressful and is very busy
constantly.

Due to the fact that subject 7 did not or had not participated in any form of physical
activity it was deemed appropriate to undertake a sub maximal aerobic capacity test.
In relation to the classification in percentiles the results placed the subject just above
the 75 percentile and after the intervention programme this has advanced to 99
percentile. When these results were assessed in relation to age the subject was just
above “below average” yet after the intervention period of 12 weeks had progressed to
between above average and good. The increase in VO2 max was just over lOml/kgl.min''.

The percentage body fat results placed the subject in the category for good health and
when expressed in relation to age it classified the results as moderately high. Yet the
body mass index scores were below those perceived as normal.
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Table 4.19 Results of Physiological Measurements in case study 7
Variables

Pre

Post

1. VOjmax aerobic capacity (ml.kg.min '')

34.5

44.95

2. Body fat (%)

29

28.6

3. Body Mass Index

25.47

25.27

4. Flexibility Right (°)

85

89

5. Flexibility Left (°)

64

70

6. FEVl-Forced expiratory volume (1)

3.01

2.98

7. FVC- Forced Vital capacity (1)

3.08

3.05

8. PEF-Peak Expiratory Flow (1/m)

317.4

420.3

9. FER-Forced Expiratory Ratio (FEVI/FVC%)

97.72

96.2

The flexibility scores were different between the two legs in that pre intervention
testing there was a different of over 20° between the flexibility of the two legs. This
relationship was maintained in the post intervention period as well. The right was
classified as in the moderately low category and stayed in that even though there was
a slight increase of 4 degrees. Whereas the left leg was classified as being in the low
category and stayed there even though it too increased by 4 degrees.
The FVC results were just slightly above the 5-percentile mark and when this was
transferred to norms in relation to height and age it showed the results to be below the
norms. The FEVl values were above those given as the norms for the subject’s age
and height. The FEV1 decreased minimally during the intervention period, as did the
FVC values. The PEF value on the other hand was significantly lower than the norms
given but after the intervention period had increased substantially to well exceed the
norms values. The FER value again was substantially higher than the norms given
before and after the intervention.

One can see that the subject’s general well being scores increased by 3 values over the
12-week intervention programme. The results were above the values from previous
studies completed to date by as much as 5 to 8 values. The anxiety scores remained
stable but the levels are only slightly lower than those found in previous studies. The
depression trait score did decrease but was still lower pre and post intervention study
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than the previous studies found. The subject’s energy score increased by 2 values and
the positive well being remained stable at 13, which was similar to other previous
studies (Bradley & Lewis, 1990 & Thibult, 1990).

Table 4.20 Psychological measures before & after the intervention in case study 7
Variable

Pre

Post

General well-being

44

47

Depression

3

2

Anxiety

5

5

Energy

3

5

Positive well-being

13

13

It is very evident from the above blood glucose results that there has been a
considerable decrease in the level of blood glucose over the long term. Even though
initially the levels were very elevated; nearly 3mmol/l over the recommended values,
there was a 2mmol/l decrease in 9 months on overall blood glucose control. There was
acute lowering of BG after exercise as seen from the subject’s glucometer readings
and these have corresponded to a lowering of blood glucose levels overall. The
subject does feel that more food is consumed on exercise days and consumes food
with a lower glycemic index whereby the release of carbohydrate is spread over a
wider time frame therefore reducing huge fluctuations compared with if one
consumed a high glucose bar or chocolate.

Table 4.21 Blood Glucose Control - Case Study 7
Variable

HbAlc-Before

HbAlc-After

HbAlc-6 months later

HbAlc

10

8.9

7.9

During the fitness testing session prior to the intervention blood glucose (BG) levels
before and after the exercise were tested as a matter of protocol and procedure.
Subject 7 undertook about 30 minutes of aerobic exercise of moderate intensity (RPE
mean=10). The pre BG level was 9.6 mmol/L and the post BG level was 7.2 mmol/L.
This decrease was similar to what was found in the record sheets in that the subject
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Started which comparable results in general and the decrease was usually in or around
3 mmol/L.

From the evaluation form 6 months later the subject is still exercising regularly and
feels that one knows more about how diabetes is effected by exercise and how one can
correspond to that. This highlights that the educational goal of the intervention
process has been beneficial. It must be noted that the subject is 33 and only now
knows the effect of exercise on blood glucose control. This lack of appropriate
information reflects the contradictory views by G.P.’s and consultants where exercise
was viewed as being harmful. The subject has undertaken more regular blood glucose
monitoring especially before and after exercise, as one needed to see the effect of
exercise on overall control. The subject finds that one’s lifestyle is very busy and has
to plan consistently to fit exercise into the routine. If it is not done at a set time every
day, there will be fluctuating blood glucose results depending upon how close to meal
times and insulin injections the exercise sessions are. This is part of the process of self
care.

Subject 7 had 101 potential days of exercise and participated in 26 exercise sessions
over that 12-week period. Which actually breaks down into 1.8 sessions per week.
The main exercise undertaken were walking and aerobic work in the gym. The
intensity was moderate and on some occasions low. The duration of the activity had a
mean score of approximately 35 minutes.

4.2.9 Case Study 8
Subject 8 is a 53-year-old male who has type I diabetes for 31 years. In the past the
subject was having difficulties maintaining overall blood glucose levels close to the
recommended levels of 7%. The levels are usually slightly elevated overall. Yet the
subject has not been hospitalised or had complications as a result of poor control over
the last year. The subject currently does not smoke or drink and already is quiet active
in that the subject trains for long distance running and cross-country. The practices in
relation to blood glucose monitoring are very good and well established in that the
subject tests regularly including before, during and after training. The current
practices in relation to exercise including reducing insulin but additionally he has
been known to actually increase insulin intake for some events and/or increase the
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intake of food in the form of carbohydrate. The insulin regimen includes the use of
humalog-humalin 4 times per week. The subject currently does not regard his life as
stressful.

From analysing the screening form and more importantly from assessing the lifestyle
questionnaire it was envisaged that subject 9 would be well able for a full VOjmax test.
The VOjmax test results for both pre and post exceeded the 99-percentile level. The
VOjmax did increase slightly by just over 3%, which is significant due to the fact that
the pre levels were so high to start with. When the results are classified according to
the subject age the results classify the subject as well into the excellent category.

Table 4.22 Results of Physiological Measurements in case study 8
Variables

Pre

Post

1. VOjmax- aerobic capacity (mJ.kg.min )''

54.41

57.60

2. Body fat (%)

18

20

3. Body Mass Index

25.6

24.25

4. Flexibility Right (°)

62

73

5. Flexibility Left (°)

63

80

6. FEVl-Forced expiratory volume (1)

3.28

3.36

7. FVC- Forced Vital capacity (1)

3.28

3.97

8. PEF-Peak Expiratory Flow (1/m)

556.8

533.4

9. FER-Forced Expiratory Ratio (FEVI/FVC%)

100

84.63

In relation to the percentage body fat results the results place the subject in the
category for good health and when this results are broken down into age components
the subject is classified as in the exceptional category. When you look at the subject’s
body mass index scores the results for both pre and post are only barely under the
norms for normal body mass index. The percentage body weight actually increased
even though the body weight decreased just over 3kg, which is reflected in a decrease
in body mass index.
The pre flexibility values for both the right and left leg were similar starting out and
these results were classified as moderately low. There was an increase in flexibility in
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both legs. The right leg increased by as much as 11° whereas the left leg increased by
17°. These improvements classified the flexibility in the average category. As a
competitive runner these improvements may have been through self-motivation as it is
pre and post measurement situation of key physiological components. Additionally
the subject completes a considerable amount of specific flexibility work prior to the
competitive season as to minimise injury and to enhance performance.

The pre FVC results place the subject just above the 5 percentile and the post
intervention values place the subject just short of 25 percentile. When the results are
compared against norms for height and age the subject’s FVC values are below the
norms given both pre and post intervention. There was an increase in pre and post
FVC values by 0.69.The FEVl results are just marginally higher than the norms given
and there was only a very slight increase in this value over the 12-week intervention
period. The PEF values both pre and post interventions were significantly higher than
norms for height and age by as much as 60. There was a decrease in PEF during the
12-week intervention period by 33, yet the subject’s results are still exceeding the
norms given. Finally the FER results were again significantly higher than the norms
given for both pre and post values. There was a considerable decrease in FER over the
12-week period by over 15 and again the values still exceeded the norms given.

It is very clear from the table below that there was absolutely no change in any of the
given traits over the 12-week period. The subject has actually achieved the highest
marks possible for the well-being questionnaire both pre and post intervention.

Table 4.23 Psychological measures before & after the intervention in case study 8
Variable

Pre

Post

General well-being

66

66

Depression

0

0

Anxiety

0

0

Energy

12

12

Positive well-being

18

18
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It is clearly visible that there was been a significant decrease in HbAlc over the
previous 9 months of just under 2%. Even though the subject’s values initially
exceeded the recommendation for good control the decrease over the initial 12-week
intervention and the subsequent 6 months have achieved a more positive HbAlc
levels which is more comparable with recommended levels. The positive sign is that
the increase is consistent and gradual over 9 months.

Table 4.24 Blood Glucose Control - Case Study 8
Variable

HbAlc-Before

HbAlc-After

HbAlc-6 months later

HbAlc

9.6

8.6

7.7

In relation to the drop in blood glucose levels as result of exercise, one of the best
examples to use is the fitness test at the beginning of the intervention session, as the
intensity and duration are known. Before exercise the blood glucose levels were 8.8
mmol/L and after the aerobic test (which involved warm up and cool down) taking
approximately 40 minutes the blood glucose levels had reduced to 4 mmol/L. In just
that short time frame there is evidence to suggest that this can continue to decline for
some time after exercise. In relation to the BG decreases as a result of exercise it all
depends on what type of exercise the subject was doing, the type and amount of
insulin used and additionally the glycemic index of the food consumed. If the subject
was doing normal jogging/run session the pre BG levels are high and decrease
considerably over the 50 minutes whereas if the subject is doing a long session the
need to monitor and make adaptations during session in the form of increased intake
of food is essential. This increases the subject’s BG levels initially but as a result of
continued exercise the extra carbohydrate sustains the energy levels.

From the evaluation form the subject has continued to exercise regularly and has
actually increased exercise prescription to 5-6 days per week jogging. The subject still
feels that more food is consumed on exercise days so as “to keep blood sugars up”.
The subject is a firm believer that exercise reduces blood sugars levels and that
exercise is for life and leads to a better life overall. When exercising the subject
actually starts off with relatively high levels of blood glucose but as a result of
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exercise there is an acute lowering effect due to the moderate intensity of the exercise
and additionally to the duration of the exercise.

Subject 8 had 111 potential exercise days for exercise and completed 26-exercise
session over thel3 weeks. These accounts for just over one and half session per week.
The type of exercise undertaken was jogging and running. The intensity of the
exercise was slightly higher than moderate activity and actually bordered on hard. The
duration of the activity was about 1 hour but there were some very long training
session for as long as 3 to 3 and a half hours. In the longer runs blood glucose was
monitored during the training.

4.2.10 Case Study 9
Subject 9 is a 39-year-old woman with type I diabetes for over 5 years. In general the
subject’s blood glucose levels fluctuate considerable over time and subsequently
experiences huge highs and lows. Subject 10 does suffer with asthma, high blood
pressure and has a history of heart disease and currently smokes but does not drink.
The subject does claim to exercise but not on a regular basis or at a intensity that
might be of some physiological benefit. The subject does not test regularly or before
or after exercise. The subject does not reduce insulin or increase the in intake of
carbohydrate. The insulin regimen involves mixtard 30 twice a day. The subject
currently does not classify life as being stressful.
From the analysis of the screening form and lifestyle questionnaire it was suggested
that a sub-maximal aerobic capacity test be undertaken. But when the opportunity to
undertake the tests in SHaPE centre occurred the subject was under able to achieve
speed required for test in that the subject needed to be able to walk at 3 kpm and was
unable to make even 2kpm. Therefore the client walked on the treadmill and the
reaction via heart rate of exercising was assessed. Therefore no VO2 max measurement
for this subject was obtained. The subject’s reaction to exercise over 5 minutes was at
a level that increased the heart rate to a level that was just below moderate intensity.
After the intervention period the subject was still unable to achieve the recommended
speed of 3 or 2 kpm.
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Table 4.25 Results of Physiological Measurements in case study 9
Variables

Pre

Post

1. Body Mass Index

51.5

51.24

2. Flexibility Right (°)

90

95

3. Flexibility Left (°)

92

90

4. FEVl-Forced expiratory volume (1)

2.21

1.67

5. FVC- Forced Vital capacity (1)

2.26

1.79

6. PEF-Peak Expiratory Flow (1/m)

2941

268.2

7. FER-Forced Expiratory Ratio (FEVI/FVC%)

97.78

93.29

The subject is quiet overweight and did not want one’s weight to be assessed via skin
folds therefore body mass index was used and the body mass index scores classified
the subject as morbidly obese (See appendix C). This level did not significantly
change over the intervention programme.

The flexibility on both the right and left legs were comparable before the intervention
programme began. This result classified the subject’s flexibility into the moderately
low category. There was a slight change in flexibility; in the right leg there was a
increase of 5° and in the left leg a slight decrease of 2°. These changes still classified
the subject’s flexibility results in the moderately low category.

The lung function results must be considered in light of the fact that the subject does
have asthma. The FVC, FEVl & PEF values are considerably lower both pre and post
intervention period. The FER is the only lung function measure that is above the
norms given by as much as 16. All four measurements of lung function showed a
decrease in over the 12-week intervention period. These changes were not
significantly large but because the values were considerable lower than the expected
norms for height and age it suggests that the subject may have a pulmonary problem
or a obstructive disease which is been further limited because of smoking.

As one can see from below there has an increase in general well being. The scores for
this trait are significantly higher than those found in the Bradley & Lewis, 1990 and
Thibult (1990) research. The depression scores at the pre intervention period were
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much higher than those found in previous studies and this increased by 3 measures
over the 12-week intervention period. High levels of depression are a recurring issue
for people with diabetes because of the stress of the day to day fluctuations and
adaptations that are required to balance blood glucose levels and to achieve overall
good health (Lloyd & Orchard, 1999). The anxiety scores were initially slightly
higher than those previously found but after the intervention period the anxiety scores
had reduced totally to no signs or levels of this particular trait. Energy decreased
slightly over the 12 weeks but were still higher than those cited for diabetics
elsewhere. The subject’s increase in positive well-being results are placed above those
found in previous studies. There was a significant jump in positive well being values
over the 12 week intervention period.

Table 4.26 Psychological measures before & after intervention in case study 9
Variable

Pre

Post

General well-being

51

54

Depression

6

9

Anxiety

6

0

Energy

11

9

Positive well-being

9

16

It is clear to see from below that there are considerable fluctuations in the overall
blood glucose control. In that during the intervention programme the subject actually
increased HbAlc by 1.7mmol/l to a level higher than recommended levels. Yet after
the 6 months post intervention period the subject had decreased HbAlc value to that
suggested for good health. The highly erratic change in the HbAlc measurement does
lead one to question the level of control that subject 10 has, as it has changed
considerably in only 9 months. However, the longer time period may have allowed the
subject’s body to adjust to the exercise regimen and current lifestyle and to control the
diet accordingly.

Table 4.27 Blood Glucose Control - Case Study 9
Variable

HbAlc-Before

HbAlc-After

HbAlc-6 months later

HbAlc

8.4

10.1

7.1
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In relation to the acute change in blood glucose levels as a result of exercise these
were relatively mild in that the blood glucose levels were generally about 12 before
exercise and reduced to about 7.5mmol/L as a general rule of thumb with exercise of
light to moderate intensity of approximately 20 minutes.
In relation to the evaluation sheet 6 months later it is clear to see that the subject is
still continuing with exercise of similar intensity and duration as the subject actually
uses the exercise to get to and from work every day. The subject has started to take
some blood glucose results and is doing so on a regular basis but does not do it before
and after exercise. Subject 9 does not reduce insulin requirements or eat more on
exercise days but feels that more drinks/fluids are consumed on exercise days. The
subject continues with exercise due to the fact that one can visibly see a reduction in
one’s blood glucose readings from the glucometer monitor.
Subject 9 had 106 potential days of exercise and participated in 54-exercise session
over this period. When broken down this relates to over 3.5 session over week. The
exercise undertaken was walking and it was at an intensity of light to moderate
activity over a duration of 20 minutes.

4.2.8 Case Study 10
Subject 10 is a type II diabetic and has had the condition only 9 months at time of
intervention. Presently the subject is just getting familiar with medication and testing
blood sugars as well as balancing food intake with current guidelines. The subject
previously participated in exercise but not over the last 20 years or so. The subject
currently does not drink or smoke. In relation to frequent glucose monitoring one does
not undertake these tests frequently at all. This highlights a significant difference
between type I and type II diabetes whereby the necessity to undertake regular blood
glucose monitoring is a priority for type I whereas it is suggested that type II test
twice a day. The subject has no evidence or knowledge of any complications to date
and has no history of heart disease or diabetes in the family.
Due to the fact that subject 10 has not undertaken any form of exercise over the last
number of years it was deemed appropriate to undertaken a sub maximal aerobic
capacity test. The results place the subject over the 90 percentile in relation to aerobic
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fitness in the pre intervention period and in the 85 percentile in the post intervention
testing session. There was a decrease in aerobic capacity over the 12-week
intervention period by just over 5 ml.kg-1.min’*. When the results were classified into
age groups and norms the results classified the subject in the excellent category pre
intervention and in the above good category after the intervention.

Table 4.28 Results of Physiological Measurements in case study 10
Variables

Pre

Post

1- VO2 max aerobic capacity (ml.kg.min’* )

46.5

39.9

2. Body fat (%)

29

28.6

3. Body Mass Index

25.47

25.27

4. Flexibility Right (°)

85

89

5. Flexibility Left (°)

64

70

6. FEVi-Forced expiratory volume (1)

3.01

2.98

7. FVC- Forced Vital capacity (1)

3.08

3.05

8. PEF-Peak Expiratory Flow (1/m)

317.4

420.3

9. FER-Forced Expiratory Ratio (FEVI/FVC%)

97.72

96.2

The percentage body fat was classified in the category for good health but when
broken down into age and sex it was classified in the category for high. The body
mass index results classified the subject as being moderately obese. Studies have
highlighted the importance of regional adipose tissue distribution, particularly upper
body obesity, and physical inactivity in enhancing risk of NIDDM (Zimmet, 1992).
Increased BMI was a strong determinant of risk of NIDDM (Manson et al., 1992).
Even though the results did decrease slightly over the 12-week exercise intervention
programme the classification results still stay the same. Also there was a decrease of
just over 3kg in body weight over the 12 weeks. It highlights the importance of
prescribing exercise, weight reduction and dietary management as the first part of the
treatment for type II diabetes (Kelley & Goodpaster, 2001; Schell et al 1999; Hu,
1999; Vanninen et al., 1992; Eriksson & Lindgarde, 1991; Patemostro-Bayles et al.,
1989).
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The flexibility was slightly different between the right and left leg and this difference
remained for both pre and post intervention testing sessions. The right leg flexibility
in the pre intervention testing session was in moderately high category and it
progressed to high after the intervention. The left leg on the other hand was in the
average range in the pre intervention stage and it progressed to moderately high over
12 weeks.

In relation to the lung function results, the FVC values were just below the 25
percentile and they actually decreased slightly over the 12 weeks. When these results
were analysed against the norms for age and height the values were well below the
norms given for FVC. The FEVl were just barely below the norms given and there is
a similar trend in the results whereby a slight decrease is illustrated over the period of
the 12-week intervention study. The PEF was just 100 1/m lower the norms given for
age and height and even though this value decreases slightly it was still well above the
norms given. Finally in the FER values the subject had exceeded the norm values by
as much as 24. Again even though this value decreased post intervention it was still
well over the norms values given. All the lung function values decreased slightly in
subject 10. Even though the decreases are relatively small and not statistical
significant they are still not comparable to those found in the general population
whereby no change occurred in lung function measurements after an exercise
programme (Me Ardle, Katch & Katch, 1994).

Table 4.29 Psychological measures before/ after the intervention in case study 10
Variable

Pre

Post

General well-being

65

65

Depression

0

0

Anxiety

1

0

Energy

12

11

Positive well-being

18

18

It is quiet visible from the table above that there has not been considerable change in
any of the given traits above. There was been a sight decrease in anxiety and energy.
The values when compared against values obtained from others studies completed to
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date were considerably higher for energy, positive well-being and general well being.
There were considerably lower in the depression and anxiety trait scale. The
differences between these values are the subject’s are very substantial. (See appendix
C for norms). Subject 8 is actually at the ideal category for both positive well-being
and depression and is nearly in the ideal category for anxiety and energy. The subject
has reached the highest levels obtainable in the overall general well being. This could
have to do with the fact that subject 10 has only had the disease for 1 year and copes
well with the condition.

Table 4.30 Blood Glucose Control - Case Study 10
Variable

HbAlc-Before

HbAIc-After

HbAlc-6 months later

HbAIc

4.6

4.8

4.2

One can see from the above table that there was been some fluctuations in blood
glucose levels but bearing this in mind these blood glucose levels are still only
slightly elevated from those recommended for type II. There was a 0.2mmol/l increase
in HbAIc levels over the 12-week intervention period. But in the following 6 months
period there was a decrease of 0.6mmol/l, which was actually lower than the starting
HbAIc level of 4.6mmol/l.
In the testing session prior to the intervention the BG levels were assessed to identify
changes in them as a result of 30 minutes of moderate intensity exercise. The BG
level before testing was 10.2 and this decreased to 8.2 mmol/L after the exercise. A
similar result was seen in the testing session after the intervention in that the BG level
before exercise was 10.5 and this decreased to 4.2mmol/L after the exercise even
though it was of similar intensity and duration at the last time. This highlights the fact
that exercise completed at different times or additionally the effects of medication on
the body can cause variation in blood glucose levels. In general from looking at the
subject’s record sheets it seems that the subject usually started exercising when levels
were in and around 7.5 and that the decease was 2-3 mmol/L. The blood glucose
results from the glucometer show a slightly different picture with results that vary
considerable over time with various highs and lows experienced. Yet it is important to
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note that traditionally there is not as much variably or fluctuations in blood glucose
levels with type II diabetes (Zimmet, 1992).

From the evaluation form it is encouraging to see the continuation of a strict exercise
regimen with a reduction in medication with only 9 months of exercise. Additionally
the subject is more aware of the need to exercise and the importance of regular blood
glucose tests. The subject does not feel that more food is consumed on exercising days
as a result of exercise. The reasoning behind the subject continuing exercise can be
summed up in the subject’s own words “exercising makes me feel good. If I do not
exercise for a couple of days the good feeling deteriorates”. The subject feels that
participating in exercise results in a better lifestyle.

Subject 10 has 95 potential days of exercise and participated in 68 exercise sessions
over this tim.e. Which breaks down into just over 5 exercise sessions per week. The
main activities were walking with circuit type exercises incorporated into the session
either before or after. The intensity of the exercise varied but the majority of the time
was within the moderately intensity bracket. The duration of the exercise was on
average 30 minutes. The acute lowering effect of exercise was much more controlled
and less in this subject and this in turn is reflected in the subject’s decrease in HbAlc
over the longer time period.

4.3 Group Analysis
This section investigates the changes that occurred in the key variables of
physiological and psychological components and in overall blood glucose control for
a group of 9 type I diabetics. Subject 10 was excluded from analysis due to the fact
that type II diabetes is a very distinct disease.

Differences between the pre and post values for the physiological and psychological
variables are calculated by using t-tests. There are several types of t-test and paired
sample t-tests that will be used for this analysis.

Firstly the physiological components of VO2

% body fat, flexibility and lung

function are identified;
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4.3.1

VO.n^ax

In relation to VO max the table below gives you the mean values obtained for 8
2

subjects and the standard deviation (S.D.). It also gives levels for kurtosis and
skewness. Skewness and kurtosis refer to the shape of the distribution. Values for
skewness and kurtosis are zero if the observed distribution is exactly normal. Positive
values for skewness indicate a positive skew (peaks at beginning), while positive
values for kurtosis indicate a distribution that is peaked. Negative values for skewness
indicate a negative skew (peaks to right), while negative values for ketosis indicate a
distribution that is flatter. It has been stated that if the ratio of skewness or kurtosis to
their respective standard errors is above 1.96, the data are probably not normally
distributed (Ntoumanis, 2001).

Figure 4.2 Histogram of Pre VOimax levels

Std. Dev = 6.96
Mean = 46.4
N = 8.00
35.0

40.0

45.0

50.0

55.0

Pre Vo2max

It is clear to see that the distribution peaks to the left slightly yet overall the image in
one of near distribution which is supported further with a skewness value of near 0.

The image below shows an overall flatter distribution to the data, which is slightly
peaked to the right, which is signified by the negative skewness value.
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Figure 4.3 Histogram of Post VOzmax Levels

Std Dev>5 48
Mean = 51.2
N = 8.00
42.5

45.0

Post Vo2max

Table 4.31 Values for pre and Post VO^max as a whole
Variable

Mean

S.D.

t

Kurtosis

Skewness

Probability

Pre — V O2 max

46.35

6.96

-3.55

-0.639

-0.675

0.09

Post - VO2 max

51.12

5.47

-1.351

-0.358

From the mean values obtained for VO2 max it is clear to see that there has been a
change in the overall results. There was nearly a 4% increase in VO2 max values while
the standard deviation has remained relatively constant.

In relation to the normality of the distribution the statistical test suggests that the pre
intervention data might be slightly deviated from normal distribution but when this is
graphically displayed it is not visible. The post intervention data suggests that the
distribution might be flat in that there is no obvious peak in the distribution and that
the distribution might be slightly skewed to the right suggests that there is a larger
amount of individuals with high levels of VOjmax- But again when this is displayed
visually using both the box plot and histogram the graphics suggest that distribution is
relatively normal.

The t test values for aerobic capacity can be seen to t(8) =-3.555, p<0.09.When this
value is compared to the critical value on the tables we see that the value is 5.041.
Therefore the critical value is slightly greater than the calculated value therefore
suggesting that there is not a significant difference between pre and post VO2 max
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levels. Most reviewers base their decisions on statistical significance, which they
know has something to do with the effect being real. Statistical significance is defined
by a probability or p value. The probabilities of clinical significance, not the
probability that defines statistical significance may also be of benefit with small
sample groups (Hopkins, 2001).

4.3.2

Body Composition

From the table below you can see that there has been only slight changes in the
subject's over all percentage body fat and this relationship is quiet similar for body
mass index (BMI) and overall body weight which suggest that over the 12 week
intervention period there was a slight decrease in % body fat, BMI and overall body
weight.

Table 4.32 Values for pre and post variables of body composition as a whole
Variable

Mean

S.D.

Pre % body fat

20.81

7.27

Post % body fat

20.78

7.54

Pre BMI

27.204

9.19

Post BMI

26.961

9.19

Pre Weight

76.5

19.94

Post Weight

75.72

20.02

Z

t

P

Skewness

Kurtosis

0.039(7)

0.970

-0.27

-1.312

0.418

-0.835

2.893

8.540

2.889

8.514

2.461

6.592

2.413

6.221

-1.274

-1.530

0.203

0.126

The distribution of the pre and post % body fat data are very close to normal
distribution as the skewness and kurtosis are very close to 0. The body mass index
scores and the weight scores show high values for skewness indicating that a positive
skew, which suggests a peak to the right of the normal distribution. This suggestion is
further supported by high values for kurtosis indicating that the distribution might be
peaked at one point. As a result a t-test could not be used, as there was no normal
distribution. Therefore a non-parametric test was used namely a Wilcoxon Signed
Rank Test. No significant differences were found in body fat, BMI and weight
between pre intervention and post intervention.
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All the critical t values for % body fat were higher than the calculated value therefore
indicating that there is not a statistical significant difference between pre and post
values. T-test values could not be used to differentiate if the differences in body mass
index and weight were significant due to the non-parametric distribution of the data,
which was highlighted by the high values for skewness and kurtosis. The Z score for
the Wilcoxon test were not significant for differences in body mass index or weight
[(BMl-1.274, P<0.203) (Weight-1.530, P<0.126)].

4.3.3 Flexibility
From the flexibility scores one can identify increases in both the right and left leg for
flexibility. The increase are 3° overall for their right leg and 2° for the left leg.

Table 4.33 Values for pre and post flexibility values as a whole
Variable

Mean

S.D.

t

P

Kurtosis Skewness

Pre flexibility R (°)

85.89

15.07

-0.292

0.778

-0.345

0.144

Post flexibility R (°)

86.89

8.37

-0.729

-0.761

Pre flexibility L (°)

82

18.36

-1.526

0.358

Post flexibility L (°)

82.78

9.72

0.066

-0.896

-0.169

0.87

As one can see from the means values for the right and left leg flexibility, the means
have increased just slightly but the standard deviations have decreased significantly
between pre and post intervention values. Thus suggesting that there is much less
variation between the post intervention results for the group as a whole.

In relation to the distribution of the values the skewness and kurtosis values are
relatively close to 0 and when displayed graphically there is no skewness or flatness
in the distribution.

The t tests values show that that there is no statistical significant difference between
the pre and post intervention values for flexibility of the right and left leg. The
calculated values are significant lower than the critical values found for a 2-tailed t
test.
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4.3.3

Lung Function

The lung function measurements are broken down into 4 distinct values nam.ely that
of forced vital capacity (FVC), forced expiratory volume (FEV), peak expiratory flow
rate (PEF) and forced expiratory ratio (FEVl).

As one can identify from the table of the following page the mean values show a
slight decrease in FEV 1 and FER and a slight increase in the FVC and PEF values.
These adaptations are very minor overall. The standards deviations remained
relatively constant over the pre and post intervention period thereby suggesting that
the difference between the minimum and maximum value from the mean did not
change considerably over the 12-week intervention period.

Table 4.34 Values for pre and post variables of lung function as a whole
Variable

Mean

S.D.

t

P

Kurtosis

Skewness

Pre FEV 1

3.3167

0.8216

0.228(8)

0.826

-.793

0.244

Post FEV 1

3.30

0.9025

0.324

-0.295

Pre FVC

3.5433

1.038

-1.301

0.281

Post FVC

3.568

1.149

0.236

0.289

Pre PEF

461.05

121.4

-1.963

-0.486

Post PEF

497.167

121.451

-2.738

-1.703

Pre FER

94.76

5.167

-2.225

-0.266

Post FER

92.51

5.712

-1.291

-0.666

-0.188(8)

-1.687(8)

0.934(8)

0.856

0.13

0.378

The distribution of the FEVl data was very close to 0 and as such normally
distributed. A similar relationship was seen in the FVC data. The pre PEF values
deviated slightly from 0 in a negative way suggesting the values might be ever so flat
yet when displayed visually the normal curve and distribution are relatively normal.
Post intervention period values show negative values for skewness and kurtosis,
which suggest a skew to the right or higher levels of PEF values than normal. When
displayed graphical there is not an obvious skewed distribution via the use of box plot,
leaf plot or the histogram (see next page for histogram of pre and post PEF values).
The FER pre and post values show a negative value that is slightly different from 0
therefore indicating a flatter distribution than normal and because the skewness values
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are negative as well it suggest that there might be more variable values to the right of
the normal distribution. There is a very slight skew in relation to the left but this is not
seen as significant.

All the t test values at significant level p 0.05 are not statistical significant due to the
fact that the calculated value is lower than the critical value found in the tables.
Figure 4.4 Pre PEF Values

Std. Dev= 121.40
Mean = 461.1
N = 9.00
300.0

350.0

400.0

Pre PEF

What the statistics are saying is that pre scores are higher than post scores for all
measures of lung function except FEVl.

Figure 4.5 Post PEF Values

std. Dev = 101.45

Mean = 497.2
N = 9.00
250 0

300.0

350 0

400 0

450.0

500 0

550 0

600.0

Post PEF
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4.3.5 Psychological Well-Being
The psychological well-being variable has been broken down into 4 traits namely that
of depression, anxiety, energy and positive well-being. There is additionally a
measure of overall general well-being.

Table 4.35 Values for pre and post psychological well being values as a group
Variable

Mean

S.D.

t

P

Kurtosis

Skewness

Pre General W-B

51

8.29

-1.529(8)

0.165

-0.414

0.477

Post General W-B

53.78

10.77

-0.743

-0.002

Pre Depression

2.44

2.3

-0.725

0.728

Post Depression

3

3.32

-0.525

0.872

Pre Anxiety

4.22

3.42

0.894

0.649

Post Anxiety

3.22

3.53

-0.052

0.994

Pre Energy

7.44

2.79

-0.145

0.343

Post Energy

7.75

2.71

-1.040

0.465

Pre Positive W-B

14.22

2.91

-0.521

-0.518

Post Positive W-B

15.11

2.62

-2.114

0.06

-0.762(8)

1.342(8)

-1.158(8)

-1.357(8)

0.468

0.217

0.285

0.212

It is clear to see from above that the mean values for the general well being, energy
and positive well being trait scores increased slightly over the 12 week intervention
programme. The anxiety and depression trait score decreased slightly over the same
time period. To investigate whether these levels are statistical significant one must
look at the t test values. The critical t test values are all higher than the calculated
values therefore indicating that there is not a significant difference between the pre
and post intervention values of the given trait at p<0.05. General well-being, anxiety,
energy and positive well-being are relatively close to showing a statistical differences
in pre and post intervention values.

4.3.6 Blood Glucose Control
A long-term measure of blood glucose control is the HbAlc test. This measure was
taken before the intervention and again 12 weeks later after the intervention period.
Finally 6 months after the end of the intervention a 3rd measure of HbAlc was taken.
Therefore we have 3 measurements for the variable HbAlc from not only the
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experimental group but additionally from a control group so as to identify changes in
the value of HbAlc between the groups of type I diabetics.

Table 4.36 Blood Glucose levels for Control and Experimental Group
Variable

Mean

S.D.

t

P

Kurtosis Skewness

Pre-Intervention

8.233

1.119

0.860

0.415

-1.273

0.456

1.145

-0.487

0.652

0.990

-0.752

0.383

0.706

1.281

HbAlc
Post-Intervention

(8)
7.989

HbAlc
6

months

after 7.5

intervention
Control - Pre

8.7

1.9455

Control - Post

8.5

1.5505

-0.232

0.920

1.87

0.87

1.18

Control - 6 months 8.65

0.974

0.381

later

In relation to the distribution of the data it suggest that the majority of the values are
in close proximity to 0 and as such have a normal distribution. The graphical display
seen in SPSS supports the normal distribution of the data. It is clear to see that a
approximately 30% of the sample of type I diabetics have a HbAlc level (7%) that is
suggested for good health and reduced risk of complications (Diabetes Federation of
Ireland, 2000).

Figure 4.6 Pre HbAlc Distribution
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Figure 4.7 Post HbAlc Distribution
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The control group (n=12) on the other hand had a much higher mean HbAlc level
(8.7) starting off with but it too decreased slightly over a 12-week period (8.5).
As one can identify from the table 4.36, there has been a slight decrease in overall
blood glucose control over the initial 12 week period with the experimental group
(n=9) and then again in they 6 month follow on period. The decrease corresponds to
0.7mmol/l decrease over 9 months. The standard deviation has remained relatively
constant thereby suggesting that the differences between individual values and the
mean is constant or relatively the same.
The age group of the experimental group was 39.7 years while the mean age for the
control group was slightly lower at 35.67 years. There were 12 subjects in the control
group compared to 9 in the experimental group. In relation to the amount of male and
females type I diabetics, it was broken down as follows there were 5 male and 4
female in the experimental group, whereas there were 8 males and 4 females in the
control group.
Another HbAlc was taken 6 months later after the programme with open-ended
questions on exercise, and an investigation of their understanding of the effect of
exercise on their blood glucose control. 3 measures of the HbAlc were used for an
analysis of variance (ANOVA), which is a parametric statistical technique, used to
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determine whether significant differences exist among mean of three or more sets of
data (Vincent, 1999). The ANOVA show that there is not a significant statistical
difference between the HbAlc values over the 9 months period due to the fact that the
significant level is less than 0.56 and the F value is higher than the critical value [F
(2,29) = 0.593, P<0.56]. The ANOVA for the control group similarly showed that that
there was not a significant statistical difference between the HbAlc values over the 9
month period [F (2,41) = 0.209, P<0.56].

Additionally a stepwise regression analysis was carried out to see if any variables
could be used in future studies as predictive indicators. The result of regression is an
equation that represents the best prediction variable from several independent
variables. Regression analysis is used when independent variables are correlated with
one another and with the dependent variable. The dependent variables that were used
were the amount the exercise days completed and the rate of perceived exertion. The
independent variables were analysed against it were the differences in all the pre and
post physiological and psychological components. Stepwise regression was used as
this type of regression actually ranked the independent variables in order of
importance in the equation.

The primary reason for using the stepwise methods are that they are fast, easy to
implement and input. However they may not produce subject models that are
necessarily best towards producing a single final equation.

Stepwise regression

analysis is an exploratory procedure to evaluate all possible regressions. You use
regression for data description, parametric estimation, prediction and control (Thomas
& Nelson, 1990).

When total exercise days were used as the dependent variable in the stepwise
regression, regression most highly correlated the differences in % body fat with
exercise days (r = 0.912) since the F statistic is F (1,7) = 34.777, P<0.001.

As one can see from table 4.37 the main variables that were critical in the stepwise
regression were differences in % body fat, differences in weight, differences in
HbAlc and differences in body mass index. They excluded variables such as
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differences in VO2 max, flexibility of right and left leg, differences in all lung function
measurements and differences in well-being.

Table 4.37 Model Summary of Results of Regression for Total exercise days
R

R
Adjusted Std. Error o1 Change
Square R Square the Estimate Statistics
Model
R Square F Change df1 df2 Sig.
F
Change
Change
1
.912 .832
.809
5.2395
.832
34.777
1
7
.001
2
.962 .925
.900
3.7799
.093
1
7.450
6
.034
3
.991 .983
.972
1.9966
.057
1
16.506
5
.010
4
.998 .996
.992
.014
1.0400
1
14.428
4
.019
5
.997 .995
.992
1.0846
1
-.001
1.438
.297
6
a Predictors: (Constant), Differences in % Body Fat
b Predictors: (Constant), Differences in % Body Fat, Differences in weight
c Predictors: (Constant), Differences in % Body Fat, Differences in weight.
Differences in HbA1c levels
d Predictors: (Constant), Differences in % Body Fat, Differences in weight.
Differences in HbA1c levels. Differences in Body Mass Index
e Predictors: (Constant), Differences in % Body Fat, Differences in HbA1c levels.
Differences in Body Mass Index
f Dependent Variable: Exercise days

In short the independent variables signify a significant prediction, which merely
indicates that changes in the scores of the dependent variable can be predicted by the
independent variables. To assess whether a variable signifies as a predicator the first
criterion is based on whether the variables have reached a certain probability level of
the F value. The second criterion is based on whether the variables have reached a
certain critical value. The F values are obtainable within the criterion and at a
probability level that signifies a very significant predictor.

The R-value shows the linear association between the independent variables and the
dependent variable. Whereas the R square value indicates that 22% of the variance in
the dependent variable is explained by the 2 independent variables.

Table 4.37 and 4.38 further signifies that all the regression are significant. In table
4.39 it shows that unstandardised and standardised values predicted for each case of
the dependent variable. If the predicted values change considerably it exerts a heavy
influence on the results of the regression analysis. The DfBeta(s) show how much the
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regression coefficient of each independent variable and the constant term would
change if a particular case was excluded from the analysis. Norusis (1998) states that
cases should be scrutinised if they have absolute standardised values greater than
2Vn. None of the beta values obtained in this regression were above this value.

Table 4.38 ANOVA of Regression
Model

Sum
o1 df
Mean
F
Sig.
Squares
Square
1
Regression
954.721
1
954.721
34.777 .001
Residual
7
192.168
27.453
Total
1146.889
8
2
Regression
1061.162
2
530.581
37.135 .000
Residual
85.727
6
14.288
Total
1146.889
8
3
Regression
1126.957
3
375.652 94.236 .000
Residual
19.931
5
3.986
Total
1146.889
8
4
Regression
4
1142.563
285.641
264.099 .000
Residual
4.326
4
1.082
Total
1146.889
8
5
Regression
1141.007
3
380.336 323.319 .000
Residual
5.882
5
1.176
Total
1146.889
8
a Predictors: (Constant), Differences in % Body Fat
b Predictors: (Constant), Differences in % Body Fat, Differences in weight
c Predictors: (Constant), Differences in % Body Fat, Differences in weight.
Differences in HbA1c levels
d Predictors: (Constant), Differences in % Body Fat, Differences in weight.
Differences in HbA1c levels. Differences in Body Mass Index
e Predictors: (Constant), Differences in % Body Fat, Differences in HbA1c levels.
Differences in Body Mass Index
f Dependent Variable: Exercise days
At step 2 of the regression analysis the differences in body weight is highly correlated
with exercise days (R = 0.962) since the F statistic is F (1,6) = 7.450, P<0.034. The 3*^^
step of the regression analysis is also highly correlated with exercise days and the
differences in HbAlc (R= 0.991) with a the F statistic being F(l,5) = 16.506, P,0.010.

It is important to note that the standardised coefficient for the difference between %
body fat, HbAlc and body mass index were all significant as the relative t values were
all below significance level P< 0.05 (HbAlc -1 = 8.374, P<0.001).
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Table 4.39 Coefficients

Model
1

2

Unstandardized
Coefficients
B
(Constant)
90.076
Differences in % 12.009
Body Fat
(Constant)
94.524
Differences in % 10.295
Body Fat
Differences
in 2.004
weight
(Constant)
91.607
Differences in % 10.480
Body fat
Differences
in 1.747
weight
Differences
in 5.828
HbAlc levels
(Constant)
90.564
Differences in % 10.734
Body Fat
Differences
in -.472
weight
Differences
in 6.371
HbAlc levels
Differences in Body 3.706
Mass Index
(Constant)
89.969
-

3

-

4

-

5

Differences in % 10.912
Body Fat
Differences
in 6.592
HbAlc levels
Differences in Body 4.705
Mass Index
a Dependent Variable: Exercise days
-

Std.
Error
3.343
2.036

Standardized t
Coefficients
Beta

Sig.

.912

26.942 .000
5.897 .001

2.911
1.598

.782

32.472 .000
6.444 .001

.734

-.331

-

1.697
.845

.796

53.985 .000
12.401 .000

.393

-.289

-

1.435

.243

4.063 .010

.926
.445

.816

97.844 .000
24.107 .000

.393

-.078

-

.761

.265

8.374 .001

.976

-.233

-

.438

.829

110.40 .000
7
24.912 .000

.770

.275

8.565 .000

.530

-.296

r8.885

.815

2.729 .034

4.446 .007

1.199 .297

3.798 .019

.000

With the R square change value of 0.94 indicates that 94% of the variance in the
dependent variable (exercise days) is explained by 4 dependent variables namely that
of differences in % body fat, weight, HbAlc and body mass index. In other words the
set of 4 independent variables can significantly predict the dependent variable that of
total exercise days for the whole group.
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Figure 4.8 Distribution of the Exercise days for the Stepwise Regression
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It is visible from the histogram that the distribution of the data for the variable total
exercise days is not only flat but it is also slightly skewed to the left, which is further
supported with positive values for skewness (1.582) and kurtosis (2.626) of over 0.
There is a peak in the distribution but this peak is skewed to the left or the beginning
of the distribution.

When rates of perceived exertion (RPE) were used as the dependent variable it ranked
differences in pre and post % body fat, differences in weight, differences in HbAlc
and finally differences in Body Mass Index as the 4 measurements for predictors in
the stepwise regression analysis. These are the same variables that were used in the
prediction regression analysis when exercise days were used as the dependent
variable. But the regression analysis is not significant due to the fact that the R value
is (0.623) and more importantly that the F statistic is F = (4,4) = 0.634, P<0.665.

Qualitative analysis from the study resulted in such things as increased awareness of
diabetes and the effect of exercise on their blood sugar control, increased knowledge
in relation to the recommendations for regular blood glucose monitoring. Additionally
it resulted in greater awareness of the current recommendations for exercise for the
general population and those suggested by the American Diabetes Association (1998).
The increased knowledge and education resulted in increased blood glucose
monitoring being carried out. Additionally the majority of individuals increased their
current exercise practices to those suggested for general good health. Yet the majority
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of subjects were still short of completing exercise of moderate intensity for 30
minutes on most days of the week (Surgeon General Report)(US Department of
Health and Human Services, 1996). However 7 of the subjects are now still exercising
and their HbAlc blood glucose control has improved significantly.

Figure 4. 9 HbAlc changes over 9 months for the whole group

HbAlc Changes

3.00

9.00

Length of Time (Months)

4.4 Summary of the Analysis

It is clear from the results that there was a change in the pre and post intervention
variables whether they were physiological, psychological or related to blood glucose
control. The variables that actually increased over the 12-week period include VO2
max, flexibility of both the right and left leg, forced vital capacity, peak expiratory
flow, general well-being, energy and positive well being. The variables that decreased
over the 12-week intervention period include % body fat, body mass index, forced
expiratory ratio (FEV1/FVC%), HbAlc, forced expiratory volume in 1 second, total
weight depression and anxiety. In general the results of the variables were comparable
with those found in the general population especially in such things as VO2 max,
depression and general well being.
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Table 4.40 Raw Data of Results for all Tests
Subject’s Case Study
Measurements
1. PreV02niax
2. PoStV02niax
3. Pre % Body fat
4. Post % Body fat
5. Pre-BMI
6. Post- BMI
7. Pre-flexibility-R
8. Post-flexibility-R
9. Pre-flexibility-L
10.Post-flexibility-L
ll.PreFEVl
12.Post FEVl
13.Pre FVC
14.Post FVC
15.Pre PEF
Ib.Post PEF
IT.PreFER
18.Post FER
19.PreHbAlc
20.Post HbAlc
21 .Pre weight
22.Post weight
23.Exercise Day
24.Pre general WB
25.Post general WB
26.Pre depression
27.Post depression
28.Pre anxiety
29.Post anxiety
30.Pre energy
31 .Post energy
32.Pre positive WB
33.Post positive WB
34.Age

1
44.36
55.95
30.5
33
24.6
24.87
75
75
84
85
2.42
2.54
2.43
2.68
321
453
99.58
94.77
7.2
7.4
61.5
62
117
44
47
6
5
4
4
6
8
12
12
18

2
52.91
49.6
20
17
24.8
25.76
83
83
66
85
3.71
3.81
4.17
4.35
427.2
538.2
88.96
87.58
7.7
6.9
81.4
84
133
54
64
2
0
4
1
7
11
17
18
37

3
50.75
54.3
20
19
23.5
23.16
73
87
65
65
4.71
4.75
5.23
5.67
559.2
550.2
90.05
83.77
7.2
6.7
76.2
74.2
105
40
36
3
7
11
10
6
5
12
12
37

Olive Fanning M.Sc. Health, Fitness & Leisure

4
40.48
43.86
26
24.7
24.7
23.75
91
95
89
95
2.66
2.87
2.66
2.66
571.8
571.8
99.99
98.1
9.1
8.7
65.6
63.1
104
46
48
0
3
6
7
7
8
9
14
27

5
48.48
56.66
11
12
22.88
22.33
110
90
105
85
3.86
3.87
4.39
3.92
525
578.4
87.92
98.72
6.9
7.0
70.9
69.2
98
57
53
1
1
0
1
6
5
16
14
46

6
47.76
54.89
12
12
21.79
22.02
104
95
110
90
3.99
3.85
4.39
4.03
577.2
561
90.88
95.53
8.0
7.6
67.5
68.2
98
57
60
1
0
2
1
9
8
15
17
46

7
33.19
44.95
29
28.6
25.47
25.27
85
89
64
70
3.01
2.98
3.08
3.05
317.4
420.3
97.72
96.2
10
8.9
64.4
63.9
101
44
47
3
2
5
5
3
5
13
13
33

8
54.41
57.6
18
20
25.6
24.25
62
73
63
80
3.28
3.36
3.28
3.97
556.8
533.4
100
84.63
9.6
8.6
74
70.9
111
66
66
0
0
0
0
12
12
18
18
53

9

51.5
51.24
90
95
92
90
2.21
1.67
2.26
1.79
294
268.2
97.78
93.29
8.4
10.1
127
126
106
51
54
6
9
6
0
11
9
16
18
39

212

Discussion and Conclusion of Analysis

Chapter 5
Discussion and
Conclusion of Anaiysis

Olive Fanning M.Sc. Health, Fitness «fe Leisure

213

Discussion and Conclusion of Analysis

5.1 Introduction
The purpose of this chapter is to discuss the physiological and psychological results
found from this study and to compare and contrast these findings with other studies
previously completed with people with diabetes and additionally with the general
public. It is important that the key findings are investigated and highlighted so as to
enable a higher quality of life for all people with diabetes.

5.2 Discussion of the Analysis
5.2.1 VOzmax
The rationale for using a maximal and sub-maximal test for the determination of
maximal aerobic power was undertaken due to the individual fitness levels of the
subjects. The increase in the gradient was similar whether a maximal or sub-maximal
test was carried out in yet in hinge sight it is questionable whether pooling and
analysis of the data from different tests is advisable. This limitation must be taken on
board when analysis of VO2 max results are examined.

The VO2 max scores increased by 3.68ml/kg min'’ over the 12-week exercise
intervention programme. When this is expressed as a percentage it shows a 7.9%
increase in VO2 max levels over the 12-week period. This finding is comparable with
previous studies completed on people with diabetes on the aerobic capacity increase
(Wallberg-Henriksson, et al., 1986; Zinman, et al., 1984; Wallberg-Henriksson et al.,
1982). When VO2 max levels are broken down into male and female there is
considerable differences, namely that the starting values are different and the
increases are also different. The females mean score was 38.83ml/kg min'’ pre
intervention which when looked at in relation to norms for age (26 years) placed them
just below average in relation to Wilmore and Costill (1994) classifications. Yet there
was a 6.6ml/kg min'’ increase in VO2 max, which corresponds to a 16.99% increase
over the 12-week period. This mean score for females placed them in the above
average category. This increase in VO2 max is comparable with those found in the
general population where a 15-20% increase was found in those who trained at 75%
of their capacity 3 times per week, 30mins per day for 6 months (Pollock, 1973).
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In relation to the male scores their pre VO2 max scores of 42.34ml/kg min'* placed
them just below the excellent category for their mean age (46.6 years). The increase in
VO2

max

was 9.82ml/kg min'*, which corresponds to a 23.19% increase in VO2

max

capacity over the 12-week intervention programme. This large increase was seen in a
study, completed over 14 weeks, of endurance and cross training with 16 subjects.
The increase in VO2

max

corresponds to a 26% increase (Wallace et al., 1997). The

mean score of the VO2 max post intervention placed them high up in the excellent
category. The results were relatively high pre intervention and as a result the dramatic
increase seen over the 12-week period was not expected to be as high as seen in other
studies (Wilmore and Costill, 1994). This increase is quite significant as the mean
exercise days for the group was just over 2 .43 days per week, whereas in previous
studies where there was this type of increase the exercise was carried out over 6
months rather than 3 as in this case (Pollock, 1973). The large increase in even more
noteworthy given the varying degrees of individuality of the VO2 max values. Yet it has
been proven in previous studies that there can be a marked improvement in VO2

max

levels after just 12 weeks of aerobic training at moderate intensity (Moshner et al.,
1998; Marrero et al., 1988; Me Cann & Holmes, 1984; Durak et al., 1983; Peterson et
al., 1979).

There was considerable inter individual differences in VO2 max whereby 2 subjects
actually decreased there VO2 max over the 12-week intervention period. This could be
attributed to the lack of exercise days over the 12-week period or additionally due to
sickness or some type of injury. The actual activity patterns in terms of frequency,
duration and type of activity varied in the training programme across the subject
group and as such could have had an impact on the post intervention physiological
parameters measured. Additionally there were significant differences in increases
obtained by as much as 5ml/kg min'* even when a similar programme was completed.
This is comparable to results found by Kohrt et al., 1991 whereby VO2 max scores
ranged from 0% to 43% even though all subjects completed the same training
programme (Kohrt, et al., 1991). A suggestion given for the large variations has been
compliance, yet in this study the differences in total exercise days and intensity seem
to be relatively comparable between individuals. Additionally there has been evidence
to suggest that physiological adaptations are highly specific to the nature of the
training activity yet there were several different activities completed by individuals in
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this study, ranging from swimming to jogging even though the majority were all
forms of aerobic training (Wilmore & Costill, 1994; Me Cardie, Katch & Katch,
1994).

The 2 subjects who participated in swimming as their main aerobic activity increased
their VO2 max levels by as much as 8ml/kg min'' over the 12-week period whereas
those who used walking or jogging only increased their VO2 max levels by 5ml/kg min'
' over the same time frame. The mode of exercise training used may be a factor as it
was a different type of aerobic exercise than that used in the aerobic power test.
Individuals who used resistance type training or circuit type exercises combined with
aerobic exercise had similar improvements in their aerobic capacity, which is similar
to previous findings (Wilmore & Costill, 1994).

5.2.2 Body Composition
The mean % body fat scores as assessed by skinfolds reduced slightly over the 12week intervention period by 0.14%. The small decrease might have resulted because 3
subjects actually increased their % body fat values and 2 subjects stayed the same,
thereby leaving 4 subjects who actually decreased their % body fat values. This value
does seem very small but by using gender as a category it suggests that the change is
much more noteworthy.

The female pre % body fat values mean was 28.5%, which classified the results as
just above moderately high when categorised occurring to age. This classification
suggests that the individual are overweight but it could be high due to measurement
error (Jackosn & Ross, 1990). One of the suggestions is that you monitor the
individual carefully and encourage them to lose weight. After the 12-week
intervention programme the % body fat values had decreased by 0.8%, which
corresponds to a 2.8% decrease. The mean post value still classifies the results in the
middle of the moderately high category. The results found in this study are slightly
lowered than those found in the general public whereby a 4-5% decrease was found in
women who participated in aerobic dance class for 12-weeks (Me Cord, Nichols &
Patterson, 1989; Johnson, Berg & Latin, 1984). Yet there are some studies who have
found as much as an 8.8% decrease in body fat over a 8 week period with women
participating in step aerobics (Kravitz, Cisar, Christensen & Setterlund, 1993). It may
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be that as diabetics exercise, dietary considerations and individual regimens
counteract body fat and may prevent any significant decrease in % body fat.
Additionally the type and frequency of exercise undertaken may not have been
specific enough for loss of body fat.

Yet when body mass index (BMI) scores are looked at for the 3 women their pre
mean scores (24.9) are well below the normal values of 27 (Di Girolamo, 1986). The
post-mean value for BMI was 24.63, which corresponded to a 1.08% decrease over
the 12-week period. When the results of the 4 females were added to the means for
BMI the mean score was 31.55, which classify the group as massively obese.
Subject’s 10 values significantly skewed the results so as not to represent the group
shown by a skewness value of-2.371.

Yet when one assesses the weight loss over the same 12-week period there was a
1.3% decrease, which corresponds to just over 1kg. The same decrease of 1 kg might
suggest that there has been a slight increase in muscle mass at the same time that there
was a loss of fat as muscle weighs heavier than fat. Body weight may change very
little during the first few weeks of an exercise programme (Me Ardle, Katch & Katch,
1994).

The males on the other hand had a mean % body fat value of 16.8% which classified
them according to age in the middle of the optimal category. Over the 12-week
intervention period the % body fat values decreased to 16.5%, which reflects a 1.78%
decrease overall. The post % body fat value still classifies the results in the optimal
category. Yet these decreases are minimal when compared to changes found in a
study by Zuti & Golding (1976) whereby over a 16-week period they lost 12.6% body
fat and approximately 11 lbs over the same time period.

The male body mass index (BMI) scores were just below the normal range and even
though they did decrease slightly over the 12-week intervention period by 1.1% they
were still just under the normal level suggested (Di Girolamo, 1986). The weight loss
for the males was slightly more significantly than that for the females in that they lost
1.5% total body weight which corresponded to just overl kg. There is the suggestion
that because of the type of training undertaken by 2 of the male subjects namely
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weight and local muscular endurance type exercise that they did actually increase in
the overall body weight. Therefore suggesting that they miglit have decreased fat but
increased lean body mass as seen in previous studies (Me Ardle, Katch & Katch,
1994; Zuti & Golding, 1976),

5.2.3 Flexibility
The mean scores for the hamstring flexibility for the right leg were 86.5 °and this
values increased to 88.5° over the 12-week intervention programme. This corresponds
to a 3.12% increase in flexibility of the hamstrings in the 12-week period. The left leg
showed slightly lower values but the actual increase was relatively comparable in that
pre flexibility values for the left leg was 82° and the post value was 84° which
corresponds to a 2.44% increase. When the relationship is looked at further in relation
to the right and left leg there are slight differences in that the right leg seems to be
more flexible that the left, this relationship hold true for males and females alike. This
could have to do with more usage of the right leg for activity as it is well proven that
regular use can maintain and increase the extensibility of the muscle (Egger &
Champion, 1990).

The female values for right hamstring flexibility are classified as moderately low even
though they are comparable to the male values that are classified as average and
moderately high. Thereby re-enforcing the fact that there are gender differences in the
classification of norms for male and female subjects.

The female values for the right leg were 85.25 ° pre intervention, which classified
them as moderately low and they increased to 88.5 ° during the 12-week intervention
programme yet they still were classified as moderately low. The increase when
expressed statistically was 3.81%. The female values for the left leg were 82.25 °and
they increased to 85 ° post intervention. This corresponds to a 3.34% increase.

The males on the other hand had a higher starting value on the right leg in that the
mean value was 87.3 ° and increased to 89.6 ° which was an increase of 2.63%
overall. These values are placed just in the moderately high category. The left leg had
slightly lower values of 81.83 ° and 83.3 post intervention, which has an increase of
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1.8%, which classifies the results in the average category. It must be noted that in the
mean values for pre and post flexibility there has been a considerable decrease in
flexibility in 2 subjects and the verse for 2 other subjects. This result is not
comparable to other studies whereby there has been an increase in flexibility but they
have used specific flexibility programmes in conjunction with the aerobic programme
(Doebler, Rigel, Roslinski & Holbein-Jenny, 2000). Therefore it suggests that if there
is no flexibility programme there will be little change in flexibility even though it has
been reported in diabetes research the importance of incorporating regular flexibility
sessions into programmes. This is because diabetics lose flexibility quicker than
normal individuals due to the glycosylation of various muscle joints structures caused
by excess blood sugar (Colberg, 2001).

There is no reason behind the lack of flexibility of the subjects except that they were
injured on the post intervention testing session and did not report or log the injury. 2
subjects increased their flexibility significantly as they specifically had undertaken
regular stretching sessions before and after each exercises session so as to maintain
flexibility and additionally to prevent injury. It has been highlighted in the literature
review how important it is to incorporate flexibility training into a diabetics training
routine, as there is considerable evidence to suggest that diabetics lose flexibility
quicker than normal individuals due to the glycosylation of various muscle joints
structures caused by excess blood sugar (Colberg, 2001). These programmes keep
highlight this educational factor accordingly.

Studies completed in the area of increased flexibility as a result of a stretching
programme have shown very positive results over very short periods (4
weeks)(Liddle, Houghlum & Arnold, 2001). In those subjects who actually
incorporated stretching exercises into their exercise programme they showed
increases of 14-18 °. These results are comparable with those found in studies on
various static stretching techniques and the improved hamstring flexibility. Their
increases range from 7-19° depending on the length of the actual static stretch hold
time (Doebler, et al., 2000). Yet Liddle et al, (2001) investigated the effects of
frequency on hamstring flexibility and found that the stretch groups has significant
increases in pre and post programme flexibility varying from 9.7% to 12.7%
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depending on the type of programme undertaken. They found that stretching once,
twice, or three times per day for one 30-second stretch does improve hamstring range
of motion.

5.2.4 Lung Function
Lung function results have been broken down into the 4 categories namely that of
FEVl, FVC, PEF and FER. These variables are components of the whole respiratory
process.

The FEVl lung function results for the group were 3.269 1 and they decreased slightly
to 3.233 1, which showed a slight decrease of just 0.11%, The same relationship can
be seen for the FVC values in that the pre and post intervention values increased only
0.285%. Even though it did decrease slightly it still remained well above the norm
value. Values over the norm for lung function are not a cause for concern and there is
not a significant advantage for obtaining higher values (Quanjer, Tammeling, Cotes,
Pedersen, Peslin & Yemault, 1993). The PEF values also increased from 454.126 1/m
to 487.711/m which corresponds to a 7.4% overall. The FER values decreased from
94.026% to 91.688% which shows a decrease of 2.49% overall. In general lung
volumes and capacities change little with training (Wilmore and Costill, 1994;
Quanjer, et al., 1993). Yet the results show minor changes in the PEF value, which did
increase by 7.4%.

The female values for FEVl decreased slightly over the 12-week period by 0.97%
whereas the FVC results show a 2.4% decrease. The norms for the mean age for these
variables were lower than those given for age and height. The PEF values increased
considerably from 376.05 m/1 to 428 m/1, which corresponds to 13.8%, whereas the
FER values decreased by 3.2% from 98.76% to 95.59%.

The male results followed similar direction in that FEVl decreased by 0.536%, as did
PEF by 25.9% and FER decreased by 1.96%. All these changes were relatively small
in actual litres but the percentage identifies a different picture. PEF values did
increase considerably over the 12-week period by as much 110 litres. The FER also
decreased by 1.96%, which corresponds to an actual decrease in litres of 1.78.
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Some of the results for the lung function measurements were below those suggested
for given general, height and age. In certain situations a relatively large deviation
from the norms can indicate a pulmonary problem or additionally an obstructive
disease (Quanjer, et al, 1993; Carroll, 1986). In general lung function results do not
change as a result of exercise programmes (Me Ardle, Katch & Katch, 1994; Pilcher,
2002). Therefore the relatively small changes in lung function measurements found
could be as a result of incorrect technique which has been highlighted as the major
source of change in lung function results (Pilcher, 2002; American Thoracic Society,
1994). There is no evidence to suggest that an increase or decrease in lung function
will influence other physiological systems (Wilmore and Costill, 1994; Sterk, Fabbri,
Quanjer, Cockcroft, O’Byrne, Anderson, Juniper & Malo, 1993).

5.2.5 Blood Glucose Control
In relation to blood glucose control one must take into account that there were 3
measurements taken so as to identify changes that occurred between pre and post
intervention, post intervention and normal lifestyle 6 months after and finally between
pre intervention values and normal lifestyle 6 months later to clarify whether there
was a significant change between the 3 time periods. It is crucial to point out that the
majority of subjects continued or actually increased their physical activity patterns in
the 6-month period following the intervention. Thereby actually exercising for a 9month period in total.

When the group were analysed as a whole their pre mean value was 7.87%, which
decreased ever so slightly during the 12-exercise intervention programme by 0.2,
which corresponds to a 2.54% decrease. In the observation period of 6 months the
HbAlc test results decreased by 6.5%. Thereby the total decrease in overall blood
glucose control over the proceedings 9 months was 8.9% or 0.6%-HbAlc. This
decrease is relatively comparable with studies that found less than a 1% change in
HbAlc as a result of an exercise programme (Moshner et al., 1998; Perry et al., 1997;
Ebeling et al., 1995; Durak et al, 1990; Stratton et al., 1987). There have been several
others studies completed to date that have found larger decreases in HbAlc after an
exercise programme (Marrero et al., 1988; Dahl-Jorgensen et al., 1980; Peterson et al.,
1979). But the lack of available subjects willing to partake in exercise programmes
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was unfortunately very small which may highlight the lack of any significant
difference in the present study.

Therefore it is also important to look at the individual adaptations of blood glucose
levels as a result of a bout of exercise. It was quiet clear from the record sheets that
exercise did in general cause a decrease in blood glucose levels. This finding was
been evident for some time (Zinman et al., 1984) whereby they found that exercise
had an acute lowering effect after each exercise but not overall. As a result there was
been considerable debate about the issue of overall improved glycemic control over
prolonged periods. In that some suggest that improvements are largely due to the
cumulative effects of the individual activity rather than a change in fitness per se
(Koivisto, Yki-Jarvinen, DeFronzo, 1986; Schneider, et al., 1986). The findings of
this study seem to support the fact that exercise does have an acute lowering effect
after each exercise session but additionally it supports the notion that in general if
individuals are conscious of not over eating and regularly test their blood glucose
there is the opportunity for exercise to be beneficial in overall blood glucose control.
Unfortunately the sample size is a limiting factor as it reduces the statistical power of
the analysis and may be a factor in the non-significant change in all the physiological
parameters that were assessed.

The debate over the effect of exercise on glycemic control is still not well established
(Peirce, 1993). There have been many studies completed on this subject but the
findings are inconclusive (Armstrong & Welsman, 2000). Although the divergent
results from these studies might, in part, be attributed to an insufficient training
stimulus (1 hr per week), other well controlled studies whose training programmes
satisfy current guidelines (Sallis & Patrick, 1994) have shown disparate findings in
both supporting (Campaigne, Gilliam, Spencer, Lampan & Schork, 1984) and refuting
(Campaigne, Landt, Mellies, James, Glueck, & Sperling, 1985, Rowland, Swadba,
Biggs, Burke, & Reiter, 1985) improved glycemic control. The reasoning behind the
12-week intervention programme used in this study was the proven benefit of a set
time frame for a programme as seen in the Laakosonen et al., (2000).

There are guidelines concerning the intake of food consumption with exercise and
also in relation to a decrease in insulin, however they may be too general. The main
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finding of this study in relation to these guidelines is that they can only be used as a very rough guideline as each individual is affected uniquely by exercise even if the
intensity is similar and they start off with similar blood glucose values. There
certainly can be recommendations for such things as blood glucose levels before and
after exercise, advice on food and insulin regimens but most importantly there needs
to more emphasis placed on the benefit of regular blood glucose testing and on the use
of self care as a treatment in the diabetic population. This is evident especially among
those whom have had the disease for several years that they felt they knew when they
were getting either hypoglycemic or additionally hyperglycemic. This is in contrast to
medical opinion whereby the sensitivity for such reactions are considered to decrease
over time. It is well proven that hypoglycemic awareness gradually reduces in
occurrence with how long the disease is present (Gordon, 1993). On top of the general
recommendations there need to be individual advice given which reflects the overall
individual and their regimens.

An important point that is required if the above is to implemented successfully is
adequate knowledge not only for the whole diabetes team but additionally to the
individuals themselves and more importantly for fitness professionals so they can
advise individuals who have diabetes to exercise safety without any major
adaptations. Achieving good diabetic control is influenced by the doctor’s attitude and
practices (Kamien, et al., 1994) and by the patient’s understanding of the disease and
the extent to which they will alter their lifestyle in the quest for good glucose control
(Hiss, 1996). The means to lower glucose levels are twofold: lifestyle modifications
and medical treatment (van der Arenda, et al., 2000). It is apparent that one essential
goal of diabetes care is to improve diabetes related coping skills among people with
diabetes and, as a consequence, to improve self care behaviour, metabolic outcomes
and quality of life as well. Therefore the use of knowledge cannot be undermined. As
knowledge is generally presumed to be a prerequisite of preventive health behaviours
it can help motivate patients for an active role in their treatment (van der Arends et al.,
2000).

HbAlc levels for the 4 females showed a slightly different relationship in that in the 9
month period there was an overall percentage decrease of 5.19% which corresponds
to 0.45%-HbAlc. This relationship was not seen during the 12-week intervention
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period where the HbAlc results actually increased by 1.15%. But there was a
considerable drop in HbAlc levels during the 6-month observation period (6.26%
decrease in HbAlc levels overall which corresponds to 0.55%-HbAlc). This could be
related to compliance in that initially the compliance was regular as some of the
subjects were only getting used to exercising and additionally how their bodies were
responding to exercise. Compliance has been shown to be a major issue, in order to
improve compliance, diaries/record sheet were used, supported with weekly phone
contact (Wallberg-Henriksson et al., 1986). This type of method has been used
successfully with several other studies (Wing et al., 1988; Peterson et al., 1979). Good
short-term adherence has been achieved to date with this type of programme. Yet the
success of long-term adhering to an exercise programme after the initial structured or
supported programme is not well documented. The best information comes from
follow-up of those in cardiac rehabilitation and suggests that 30-55% are still
exercising after 4 years. Home-based exercise programmes seem to offer the best
hope for long-term adherence (Mutrie, 1999).

The males HbAlc results were decreasing gradually over the 12-week intervention
period and additionally during the 6 months observation period. Overall they
decreased their HbAlc by nearly 0.96mmol/l-HbAlc over the 12-week period and
dropped again to 6.7mmol/l at the end of the 9-month period. This level is well below
the suggested level given for blood control.

The importance of recommended levels of long-term glucose control measured via
HbAlc has been highlighted over the last number of years, more so for Type I, due to
the high occurrence of complications if poorly controlled diabetes is left unattended.
There have been several longitudinal studies completed in the last decade that have
highlighted the importance of maintaining good blood glucose control namely the UK
Prospective Study, (1998) and the DCCT, (1993). The positive aspect of these
longitudinal studies was that it highlighted the importance of any improvement in
control and it subsequent impact of developing complications. Even a 2% reduction in
HbAlc test can significantly reduce your risk of developing complications. The
DCCT found a strong relationship between tight diabetes control and the risk of
severe hypoglycemic attacks - for every 1% lowering of glycated haemoglobin
(HbAlc) there was a 36% decrease in the risk (DCCT, 1993).
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Wasserman & Abumrad (1989) have noted that it is impossible to give precise
guidelines for all therapies because individuals differ in the amount of insulin and
calories that they need to function optimally. Moreover, the exercise prescription will
incur different metabolic demands for each individual subject. A trial and error
approach will be necessary for maintaining blood glucose levels within the desirable
range. It is recommended that you take into account the current American Diabetes
Association Guidelines (1999) for participating in exercise so as to maintain safety.
The effect of exercise on blood glucose levels can differ markedly from person to
person, making it necessary to monitor each person individually. Furthermore, each
person will exercise at a specific intensity level and for different periods of time, and
food and insulin will not necessarily be metabolised in the same way (Rimmer, 1994).
This highlights the crucial need for individual prescription for exercise.

Finally it is important to identify the level of participation of the group as a whole in
the exercise intervention programme in relation to duration and intensity and
additionally to identify if the group are still adhering to recommended regular exercise
guidelines. The group had a 100% completion record for the exercise intervention
programme. The amount of exercise session for the group as a whole averaged out at
just over 3 sessions per week at an intensity level of 13.5 RPE. The duration of these
sessions was approximately 50 minutes. In the observation period the participation
levels of the group in regular exercise was 70% which is a significant finding when
you see the potential benefits that regular exercise has for people with diabetes.

5.2.6 Psychological Well-Being
From the result of the Well-Being Questionnaire pre and post values for the given
traits and for general well-being show that there has been an increase in overall
psychological well-being. Namely that there is a decrease in depression and anxiety
trait scores over the 12-week exercise intervention period. This finding was been
similar to previous studies, which investigated the effects of exercise on psychological
well-being (Langewitz et al., 1997; Rejeski et al., 1996; Stewart et al., 1994). They
also found improved overall well-being and a significant decrease in anxiety and
depression scores.
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The energy, positive well-being and general well-being trait scores increased over the
12-week period, which signifies an increase in psychological well-being (Bradley,
1994). Even though as such there are no norms given for the psychological traits in
the Bradley (1994) Well-Being Questionnaire there are several studies that have used
this questionnaire to assess changes in psychological well-being. Therefore we can
cautiously assess the values from these studies against findings from the present
study. The sample group seem to have lower values for depression and anxiety than
those found and have higher values for energy, positive well-being and general well
being (Bradley & Lewis, 1990; Thibult, 1990). Even though previous studies suggest
that levels of depression and anxiety are higher among the diabetic population
(Gavard, Lustman & Clouse, 1993) this finding is not evident from the present
subjects with type I diabetes when comparing results found from previous studies in
the general population using the Bradley (1994) Well-Being Questionnaire. This
could be due to self report validity of the Bradley (1994) questionnaire whereby the
positive well being and energy subscales extend the breadth of the well-being domain
measured and produce a measure that is designed to be sensitive to positive
psychological benefits of treatment as well as psychological costs such as increased
anxiety and depression (Bradley, 1994). The Cronbach's alpha coefficients for
positive well-being and energy are citied as 0.8 and 0.64 respectively.

Overall the exercise intervention programme resulted in an increase in overall
psychological well-being by decreasing depression and anxiety scores and by
increasing energy, positive well-being and general well-being scores. Additionally
because of increased education and knowledge concerning the effect of exercise on
the disease the subject’s felt more confident participating in exercise in a safe way.
The subjects also felt healthier and had more energy for daily living.

5.3 Overall Discussion
The main factor that this study was concerned with was to determine and examine the
effect of a 12-week exercise intervention programme for people with diabetes on their
blood glucose control, physiological components and psychological well-being.
Whether the group as a whole are analysed or it is broken down into individuals or
male or females the positive effect on the physiological components namely that of
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aerobic capacity, body composition, flexibility and lung function and the
psychological traits of well-being are evident. This results from participation in a 12week individualised exercise programme whereby key components of physiological
and psychological well-being were assessed pre intervention and again approximately
12-weeks later.

Even though there were modest increases and decreases in the given variables there is
anecdotal evidence to suggest that the individuals are perceiving themselves better at
controlling exercise and it effects on their HbAlc blood glucose control as well as
ultimately achieving a healthier and more physically active composition.

The case studies provided a lot of information on the individual nature of not only the
effect of exercise on the physiological and psychological components but additionally
on the major issue of the effect of exercise on blood glucose control over all. It is very
clear from the case studies that similar exercise can have significant differences in the
drop in blood glucose levels not only in relation to inter-individual but additionally
intra-individual. In that one-day exercise resulted in a rise in blood glucose and the
following day it resulted in a decrease even though starting values were very similar.
Thus highlighting the need for individual knowledge, education and guidelines for
self care.

The differences between pre and post intervention values for blood glucose control
while not being statistically significantly different illustrate a trend for diabetes care
and future methodological issues. There appears to be a greater effect on HbAlc over
longer periods of time. There is a noteworthy decrease in HbAlc over the initial 12week period and in the following 6-month observation period for separate individuals
as identified in the case studies. More importantly the intervention study has resulted
in increased knowledge of the effect of exercise on their immediate blood glucose
control and also on their long-term control. The participants have also been
introduced to regular physical activity, which is recommended for general good health
(Surgeon General Report)(US Department of Health and Human Services, 1996). Yet
the sample size is a limiting factor and could possibly reduce the statistical power.
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Additionally they have increased their level of well-being which have been shown to
increase levels of confidence, self-esteem and problem solving skills (Rejeski et al.,
1996; Stewart et ah, 1994). They also have increased their level of physical
functioning through increased aerobic capacity and flexibility and a decrease in body
composition. Regular blood glucose monitoring (x 4) throughout the day has been
implemented as has monitoring their levels pre and post exercise. Regular monitoring
of blood glucose control has been suggested by the DCCT (1993) as being beneficial
in aiding long-term blood glucose control.

The effect of exercise on type II diabetes has been outlined in chapter 2 but it is
important to note that the first course of action for type II in general is reduction of
weight loss and increase physical activity. The subject who had type II diabetes lost
just over 3kg in the intervention period and participated in 5 exercise sessions per
week. The need for regular exercise has been highlighted consistently in the literature
which suggests that regularly performed exercise causes a somewhat greater blunting
of the insulin response to a glucose load than does a single exercise bout and as a
result increases insulin sensitivity (Warren-Boulton, Greenberg, Using & Gallivan,
1999; Hughes, Fiatarose & Sane, 1993; Devlin, 1986).
People with Type II diabetes tend to be overweight and as such tend to have fewer
receptors for insulin. Dieting and reduction in body fat can usually restore insulin
receptors to the body, allowing glucose to be metabolised normally (Rimmer, 1994).
Reduction of adipose tissue will often result in satisfactory regulation (Cohen et al.,
1988). Obesity compounds the problem of type II diabetes by increasing the
resistance of the liver and peripheral tissue to insulin, which in turn make
hyperglycaemia much harder to control. Weight loss can help to increase the number
and sensitivity of insulin receptors (Cohen et al., 1988). That is why ever effort should
be made to encourage individuals with type II diabetes to partake in regular exercise,
which has been shown to decrease overall body fat (US Department of Health and
Human Services, 1996).
There were some important qualitative evidence that has proved very important not so
much in the study but more so for the individual themselves and their over all well
being. Before the programme subjects seem to have limited correct knowledge in
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relation to exercise, not only its effect but also more importantly current guidelines
and intensity levels that were required for general good health. Additionally the
importance of regular and timely blood glucose monitoring was not obvious given
that most subjects were diabetics for 17.4 years (1-31 years). The feedback after the
intervention was that subject’s were more conscious of the need to test regularly so as
to identify the changes in blood glucose not only initially but also for some time after
exercise. Also all participants expressed feelings of “good” and “healthy” over the
course of the intervention even if these values were not statistical significant.

More importantly some of the qualitative data suggests that they feel better and more
in control of their diabetes as they have gained information and practical knowledge
concerning how to deal safety with participation in exercise. Because they have
increased education and knowledge concerning their disease and because the
individuals themselves control diabetes predominantly, therefore the intervention
programme has provided the participants with the knowledge and confidence to
achieve better control.

What is most evident from this study is that diabetes care; management and
recommendations for participating in exercise and the adaptations that occur are
highly individual in nature. Thereby suggesting that there needs to be general
recommendations supported with individual advice and assistance. To achieve this
goal education must be given to all those involved in diabetes care as well as the
actual individuals with diabetes and those providing physical activity programmes as
to ensure that safety is maintained. In doing so it will result in a more knowledgeable
bank of individuals so that regular exercise at whatever level is an achievable goal for
all people with diabetes.

In short from the evidence and results given it has shown that individuals with
diabetes did not significantly differ on physiological and psychological measurements
after a 12-week exercise intervention programme. This may be due to the
haematology of type I diabetic where health benefits may occur on a micro insulin
level rather than on macro level. Given the number of exercise sessions completed
over the 12 weeks it could have been hypothesised that there would be no real
differences yet variables such as VO2 max and flexibility showed an increasing
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improving trend yet it was not statistically significant. This conclusion was formed
due not only from the differences in the actual values but also from comparing the
values obtained against those found in norms tables for the general population. Even
though it is well proven that 12 weeks provides adequate time for physiological and
psychological changes a longer time period of observation might have given greater
insight into the changes that exercise can contribute to overall blood glucose control.

It is also obvious that individuals increased their knowledge base on such topics as the
recommendations required for physical activity and good health, current guidelines
for adaptations for exercise and blood glucose monitoring and recording. These
changes in education, knowledge and participation have the ability to result in larger
changes for the overall good of the individual and society as a whole.

5.4 Conclusion of Analysis
The limitations of the research (refer to p.8) must be considered when analysing the
findings of the current research.

The analysis of the data revealed the following findings:
1. That a 12-week exercise intervention programme has positive changes on
physiological and psychological well-being for people with diabetes both
when analysed as a group and as individuals as reported through case studies
yet these changes are not statistical significant.
2. That there is an initial decrease in blood glucose levels after an individual bout
of exercise but when the group as a whole are analysed there is not a
significant decrease in long-term blood glucose control (HbAlc). This could
be because of the reported information provided by individuals in that they
consume more food on exercise days or that they were more liberal with their
diet on exercise days. Therefore suggesting that tighter control at all levels
needs to be investigated fully.
3. Participants increased their level of physical activity so that they taking part in
approximately 3 sessions per week at moderate intensity which is moving
towards the recommended guidelines of 30 minutes of moderate activity on
most days of the week.
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4, Individuals were more aware of the need for regular blood glucose monitoring
(x 4) throughout the day but also pre and post exercise. As a result of the
increased knowledge concerning the need for regular blood glucose
monitoring the participants have undertaken more regular testing.
5. Participants increased their knowledge in relation to the effect of exercise on
blood glucose control, exercise guidelines and recommendation for general
good health, the intensity levels required to gain cardiovascular benefits. It
also gave them the opportunity to think more about how they felt as a result of
exercise both physically and psychologically.
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Chapter 6
ecommendations and
Summary
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6.1 Implementations of findings
1. That the findings of this study should be disseminated to the individuals
concerned and additionally to parties involved in the delivery of services for
people with diabetes such as G.P.’s, leisure providers and organisation for
people with diabetes.
2. Standardisation criteria for exercise guidelines and recommendations are
required for participation at all levels. These criteria need to be marketed
within the diabetic community, through a variety of means, so as to provide
the best health benefits.
3. There needs to be more education and training for all service providers on the
benefits of exercise for diabetics and additionally adaptations that occur when
they exercise and how best to combat same.
4. It is crucial to highlight the importance of individual care for all those
involved in exercise, as what has been very evident throughout this research is
the individual nature of not only the disease but additionally of the effect of
various components such as exercise and diet.
5. For those involved in the training of leisure service staff and related areas,
there needs to be a more conscious efforts made to educate individuals to be
component and knowledgeable on the changes involved in the exercise
physiology of the diabetic.
6. Increased harmonisation between different countries on not only the measure
of blood glucose measurements but additionally of the measure of long-term
glucose control such as HbAlc so that results can be compared around the
world. This also would have the benefit of gathering a data bank for each
method of analysis incorporating more precise standards for different age
groups and sex.
7. Proactive and preventive measures need to put in place so as to combat the
high occurrence of obesity and overweight and additionally of inactivity in
this country for all ages. The increased numbers of people developing type II
diabetes are those who are most at risk and especially those younger
individuals who have the above characteristics.
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6.2 Recommendations
Below are some suggestions for future research as a consequence of the research
completed and additionally because of the areas that the author feels are crucial for
the development of safe and enjoyable exercise for all individuals with diabetics and
the general public at large.

1. This study should be completed on a larger and more dispersed population
over a longer time period (1 year) of individuals with diabetes so as to gain
greater insight into the individual changes that occur as a result of exercise.
2. The study could be completed in a more controlled manner in that the exercise
could be carried out under structured sessions so as to harmonise the duration,
frequency and intensity of the exercise sessions. Therefore it would be
informative to identify changes in blood glucose control in the short and the
long-term.
3. An investigation of the different effect on blood glucose control as a result of
decreasing insulin compared to those who only increased food consumption.
This would need to be quite controlled and frequency, duration and intensity
of exercise would need to be comparable between groups. Additionally it
would be beneficial to see the adaptations in a control group and a group
whereby they decreased their insulin and increased their food consumption to
highlight the differences in blood glucose control as a result of various
treatment types.
4. To complete a needs analysis of the education, information and training that
needs to be provided for those working with diabetes and also the individuals
with the diabetes so as to provide safe and enjoyable activity at all levels of
the sport and physical activity spectrum.
5. To examine the level of depression and anxiety on a large sample of
individuals with diabetes over a 1-2 year period. To investigate if the levels of
same traits fluctuate as a result of a physical activity intervention programme.
6. A study to investigate the effects of physical activity on psychological
components for people with diabetes and to following on from this to see does
the changes in psychological well being enable increased ability in functional
tasks.
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7. To analyse the effect of parental education and knowledge on physical activity
levels of children with diabetes. Developing on from here to see has their level
of knowledge affected their long-term participation in physical activity.
8. A national survey of participation levels of people with diabetes in physical
activity and to highlight their reason for participation in physical activity.

6.3 Final Note

The purpose of this research project was to determine and examine the effects of a 12week intervention programme for people with diabetes on their overall blood glucose
control, physiological components and psychological well-being. Additionally it had
the benefit of educating the individuals of the adaptations that occur as an effect of
participation in exercise and also for the need for regular blood glucose monitoring.

As a result of doing same it is feasible to get an in depth analysis of the amount,
intensity and duration of exercise undertaken over a 12 week period and more
importantly to identify the individual changes that same has on blood glucose control
both immediately and in the long-term. It also highlights the changes that occurred in
their physiological and psychological well-being in such areas as aerobic capacity,
flexibility, lung function, body composition, depression, anxiety, energy and positive
and general well being. This information is an indication of a diabetic's individual
level of functioning compared to non-diabetic individuals in key areas.

The study was undertaken with the assistance of 6 males and 4 females aged between
18-61 years of age with type I and type II diabetes mellitus in the Southwest of
Ireland. The intervention period was from March 2001 to June 2001. The data
analysis was concluded before the 12‘*^ of April 2002. The results of the study were
analysed using the Statistical Package for the Social Sciences and Microsoft Excel.

The hypothesis that a 12-week exercise intervention programme would have positive
effects for the participants with diabetes mellitus in terms of their overall blood
glucose control as well as their physiological and psychological well-being was not
fully supported in that there was not a significant statistical difference between pre
and post intervention values for all variables assessed. Additionally the results for
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blood glucose over the three time periods showed no statistical change when the
group were analysed as a whole. But it is clear that this is not always the case as seen
in the individual case studies whereby there were significant differences in pre and
post intervention values for both physiological and psychological variables and also
between and within the three time periods. Exercise has the potential to benefit
diabetic’s both via physiological and psychological means as it does for non
diabetics. It does not show significant decreases in overall blood glucose control
(HbAlc) either during the 12-week exercise programme or in the following 6-month
period. This could have to do with the fact that participants increased their food
consumption on those days or that they felt that their diet could be more liberal
because of the immediate decreases in blood glucose levels after exercise. The
intensity, frequency and duration of the exercise also hamper generalised statistical
equations. Regression equations suggest that total exercise days act as a good
predictor of a difference in body weight, % body fat and HbAlc changes.

Additionally, the qualitative results suggest that individuals feel healthy and have
more energy as a result of participation in such a programme. Also they are more
conscious of the adaptations that occur as a result of exercise and why they occur.
More importantly they are more educated and knowledgeable on such topics as
regular blood glucose monitoring, recommendations for blood glucose levels before
and after exercise and also the need to monitor blood glucose before and after
exercise. They realise the important changes that a bout of exercise can have on their
blood glucose control and how it can be managed so as to maintain homeostasis.

In conclusion, this study was conducted with a small sample size (n=10) and even in
doing so there is considerable variations in the changes that occurred on their blood
glucose control as a result of exercise. Therefore it is essential to emphasise the
importance of general recommendations for participation in exercise but they need to
be supported with individual attention, advice and support. To achieve this aim there
needs to be considerable training and education of all those involve in treating those
with diabetes mellitus and those in the fitness and leisure industry. Also there needs to
be information given to diabetics so they are confident in undertaking exercise in a
safe environment. It must be remembered that diabetes is a unique disease in that selfcare is a crucial issue. The vast majority of diabetes care does not take place 2-4 times
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a year in the health care providers office, but literally countless times a day in the
places where people with diabetes live, work, eat and play. Therefore highlighting the
essential need for individual education and knowledge in the area of diabetes and the
effect of exercise on there overall condition.

Finally the study highlights that a 12-week exercise intervention programme can
improve elements of physiological and psychological well-being in individuals with
diabetes mellitus. This positive relationship is more significant when identified on an
individual basis. The individual nature of the effect of exercise on subjects with
diabetes has been highlighted throughout the study whereby the individual nature of
the disease and its effect are constantly arising. This leads us to the conclusion that
there is a need to have a more client centred approach in relation to diabetes care and
management so as to maintain an equal quality of life for all individuals whether they
have diabetes or not. To achieve this goal there needs or be considerable education
and dissemination of knowledge so as to educate all those involved in diabetes
management and care on the effect of exercise for the whole individual and how best
to manage exercise so a safe and enjoyable experience can be the end result for
everyone’s lifetime.
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Overview of Programme
This programme consists of various phases designed to determine your functional
fitness capacity in several areas, record objective data in relation to your current
fitness levels and blood glucose control. Additionally on an ongoing basis, your
current health and fitness status and blood glucose control will be updated and
evaluated.

During the first phase you will undergo a screening evaluation designed to identify
areas of risk but more importantly to assess your present level of physical activity and
blood glucose control. This will include having you fill out a written medical history
and lifestyle questionnaire, as well as a well-being questionnaire. This written form of
assessment and verbal interaction will assist with evaluation of your overall health.

Upon successful completion of the screening phase, we hope that you elect to go
through to the fitness evaluation process. Fitness evaluations are administered to
measure fitness levels and Not to be confused with medical diagnostic tests. Their
purpose is to evaluate your starting point with regard to current level of fitness,
develop an individual exercise plan, provide incentive and note progress during the
following months. The fitness evaluations I intend to complete include; Lung
Function, Flexibility, Body Composition and Aerobic Capacity. There is a need to test
for blood glucose before and after exercise to get an idea of the effect that exercise
has on you personally. It is anticipated that you will take your own measurements
with your glucometer.
A short period of time must pass before the appropriate data can be compiled. At this
point, a meeting between you and myself will occur. All pertinent information will be
explained with an accompanying personal exercise prescription or exercise plan. The
exercise programme is for appropriately 12 weeks and I anticipate that you should be
exercising 3 -5 times per week at moderate intensity. There will weekly contact to
encourage full participation and also to resolve any difficulties you might be having.
Re-evaluation and assessment of your progress and programme plan will be
performed on a regular basis.
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Any questions you have about the procedures, risks or benefits to be expected are
welcome. If you have any reservations or doubts, please voice these concerns and ask
for an explanation or clarification.

Participation in any test and this programme are voluntary. You are free to deny
consent or withdrawn consent at any time after consenting. However, it is important
that you promptly report any unusual feelings and / or other information that can
assist the testing staff with any difficulties you perceive or are experiencing. It is your
responsibility to fully disclose such information as relegated by your feelings and as
requested by questionnaire or staff

I, the undersigned, being aware of my own health and physical condition, and having
knowledge that my participation in this programme and fitness testing procedures
may be injurious to my health, am voluntarily participating in the Diabetes and
Exercise Programme, which has been explained to me verbally, as well as presented
in written form.
Having such knowledge, I hereby release the representatives from liability for
accidental injury or illness, which I may incur as a result of participating in said
programme or in testing, and / or screening procedures. I hereby assume all risks
connected therewith and consent to participate in said programme.

Signature:
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Personal Details
Name:...................................................................Date of Birth:
Sex: ................

.Age:.......... Weight:

Height:,

Address:..................................................................
Phone No (Home):....................................(Mobile)
Doctor's Name:...........................................................................................
Does your Doctor know you are participating in an exercise programme?
Person to contact in case of emergency:
Name:...................................................Phone No:....................................

Medical History
Do you have or have you ever had any of the following:
1. High blood pressure or cholesterol?
2. Pain or tightness in the chest?
3. Any heart condition?
4. A history of heart disease in the immediate family?
5. Any form of chronic disease? e.g. diabetes
If so what type?______________________________
6. Breathing difficulties or asthma?
7. Fainting or dizzy spells?
8. Any form of seizures?
9. Rheumatism or arthritis?
10. Are you pregnant or have you had a baby in the last
three months?
11. Have you had surgery within the last three months?
12. Any muscle, joint or back disorder that could be
aggravated by exercise? (If yes, please describe)
13. Are you taking any prescribed medication, which you
think might interfere with your participation in
exercise? (If yes, please describe)...........................

YES
YES
YES
YES
YES

NO
NO
NO
NO
NO

YES
YES
YES
YES
YES

NO
NO
NO
NO
NO

YES
YES

NO
NO

YES

NO

NO
14. Have you any other condition, which you think might YES
interfere with your participation in exercise? (If yes,
please describe)
15. How well would you describe your current physical condition - circle correct one!
Unwell
Overweight
Unfit
Healthy
Fit

Diabetes Specific
Type:.........................................................Years of Having Disease:.........................
Type of Insulin being Taken:.........................................................................................
How many times taken per day and volume:................................................................
Any complications to date:............................................................................
Have you had any hypoglycemia incidents in the past: 3 months - Yes / No
6 months - Yes / No or 12 months - Yes / No
Do you test your blood glucose levels regularly? Yes / No
When was your last HbAlc test?................................. Result:.................
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Lifestyle Questionnaire
Do you smoke?
If yes, how many per day?..................................................
Do you regularly drink more alcoholthan the
recommended weekly allowance i.e. 14 units a week for
women and 21 for men (1 unit = 1 glass of wine, 1
measure of spirits. 1/2 pint of beer)?
Are you involved in a regular exerciseprogramme?
If so, what Type?________________________________
Do you exercise regularly?
If yes describe how often you exercise and the type of
exercise you do:..................................................................

YES

NO

YES

NO

YES

NO

YES

NO

What activities would you prefer in a regular
exercise programme for yourself? (Circle choice)

• Walking
• Tennis
• Running
• Cycling
• Swimming • Racquet
• Gym Work
Sports
• Other =
Do you test your blood before and after exercise?
YES
NO
Do you reduce insulin before exercise?
YES
NO
Do you increase carbohydrate or food intake on exercise
YES
NO
days?
Have you ever had an injury while exercising?
YES
NO
If yes, please describe: ........................................................
Would you regard your lifestyle as being stressful?
YES
NO
Do you regularly eat a balanced, healthy, nutritious diet,
YES
NO
i.e. low in fat, high in fibre and carbohydrates?
Describe what you hope to achieve by taking part in this exercise programme:

/ have volunteered to participate in a programme ofprogressive physical exercise and related
fitness testing. I am aware of the strenuous nature of exercise and realize that the possibility of
certain unusual changes occur during exercise does exist e.g. abnormal blood pressure, fainting,
disorders of heart beat and very rare instances of heart attack. I understand that every safety
precaution will be taken to ensure that these occurrences are minimized. To help ensure the safety
aspect of this programme, I have truthfully answered all of the questions contained in the screening
forms and to my knowledge, I do not have any limiting physical condition or disability, which would
preclude an exercise programme. I waive any possibility ofpersonal damage, which may be blamed
on this exercise programme in the future. I accept complete responsibility for my health and well
being and understand that the instructors or leaders of this programme assume no responsibility.

SIGNATURE...........................................................DATE
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Exercise Guidelines
General
Time your exercise according to your meals and insulin. Generally you want to
exercise after you have eaten. The food will help keep your blood sugar for
becoming too low. It's best to exercise 2 hours after a meal. You should also avoid
exercising when your insulin is peaking at its strongest. Avoiding your insulin's
peak times will help you avoid low blood sugar. Your doctor may suggest that you
try decreasing the insulin dose that will be working while you exercise.
The amount of extra carbohydrate you will need and the adjustments you need to
make to your diabetes treatment (insulin or tablets) will depend upon a number of
things. These are;
•

How often you exercise

•

When you exercise

•

The intensity and duration of the activity

•

How fit you are

It is important to drink plenty of fluids before, during and after exercise, since the
body loses fluid in an effort to eliminate additional blood glucose.
Check feet after activity - always change socks and wear appropriate footwear.

Swimming:
♦ An adjustment should be made in estimating maximum heart rate if swimming or
other forms of arm exercise are used for training. Maximum heart rate in these
exercise modes averages about 10 to 13 beast per minute lower than running in
both trained and untrained subjects (Me Cord et ah, 1989; Karvonen et ah, 1988;
Washburn et al., 1986). This difference is probably the result of a relatively
smaller muscle mass being activated in upper body exercise such as arm cranking
and swimming compared to running or cycling. With swimming, the horizontal
body position and the cooling effect of the water may also contribute to the lower
maximum heart rate. To establish the appropriate exercise intensity for swimming
and arm work, this difference of about 13 bpm should be subtracted from the age
predicted HR max. This more accurately represents the appropriate threshold
training heart rate for swimming. If this is not done, it results in an overestimation
of the appropriate training heart rate.
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♦ Type II
■

If you have type II diabetes with a high morning blood sugar, you might benefit
from exercising after 4 p.m., which might stop the liver from producing excess
sugar during the night. Exercising in the morning may prevent night time
hypoglycaemia.

Complications
■

If you have retinopathy or hypertension, you should not use heavy weights, lift
above your head or hold your breath.

■

Neuropathy, a complication of diabetes, tends to shorten muscles. If you have
neuropathy, you have a greater challenge to preserve flexibility, and it is even
more important to stretch.

■

When exercising take along sugar in the form of hard; sugar sweetened candies
just in case your blood sugar becomes too low.

Blood Glucose
■

One good idea is to test your blood sugar twice before exercise. Monitor 5-10
minutes before and again just before you begin so you will know whether your
blood sugar is stable or dropping. If it dropping you may need an extra snack.

■

Continue to monitor your blood glucose level after exercising, since a drop can
occur up to 24 hours later

■

Glucose should be monitored frequently during exercise (every 15 minutes for
beginners), less often for experienced participants. Immediately after exercise, and
four to five hours after exercise.

Insulin and Carbohydrate Intake
■

It may be necessary for you to eat small snacks between meals if the exercise
results in low blood sugar levels. One serving of fruit will keep blood sugars
normal for most short-term activities (approximately 30 minutes). One serving of
fruit plus a serving a starch will be enough for activities that last longer (60
minutes or more). If you exercise right after a meal, eat the snack after the
exercise. If the exercise is 2 hours or more after a meal, eat the snack before you
exercise.

♦ In general, one hour of exercise requires an additional 15g of carbohydrate either
before or after exercise. If vigorous and of longer duration, an additional 15 to 30
grams of carbohydrate every hour may be required.
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Body Composition
Body composition refers to the proportion or percentage of muscle, fat and skeletal
tissue processed by the body. These percentages provide an overall view of one's
health in relation to weight, height and age. Body composition varies from individual
to individual and there are also some essential differences between males and females.

Standards of fatness for men and women
Classification

Men

Women

Essential

5%

8%

For Good performance

5-13%

12-22%

For Good health

10-25%

18-30%

Over Fat

25%+

30%+

Standards of Evaluation Body Composition of Adults
Age in Years
<30

30-39

40 -49

49+

MEN
HIGH

>28

>29

>30

>31

MOD.HIGH

22-28

23-29

24-30

25-31

OPTIMAL

11-21

12-22

13-23

14-24

LOW

6-10

7-11

8-12

9-13

VERY LOW

<6

<7

<8

<9

WOMEN
HIGH

>32

>33

>34

>35

MOD. HIGH

26-32

27-33

28-34

29-35

OPTIMAL

15-25

16-26

17-27

18-28

LOW

12-14

13-15

14-16

15-17

VERY LOW

<12

<13

<14

<15

Jackson & Ross, 1990

The rationale for skinfold measurements to estimate total body fat is that a
relationship exists between the fat located directly beneath the skin (referred to as
subcutaneous fat) and internal fat, and that these measures are related to body density.
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Standards for the Interpretation of Percent Body Fat in Adults

High

Percent body fat at this level indicates the person is seriously
overweight to a degree that this can have adverse health
consequences. The person should be encouraged to lose weight.
Maintaining weight at this level for a long period of time places
the person at risk of hypertension, heart disease, and diabetes. A
long-term weight loss and exercise programme should be
initiated.

Moderately Obese

It is likely that the person is significantly overweight, but it could
be high due in part to measurement error. It would be wise to
carefully monitor people in this category and encourage them not
to gain additional weight.

Optimal Range

It would be highly desirable to maintain body composition at this
level.
This would be a desirable body composition level, but there is no

Low

reason to seek a lower percent fat level. Loss of additional body
weight could have health consequences.
Very Low

High-level endurance athletes who are in training should only
reach percent fat levels at this range. There may also be a
significant effect due to measurement error. Being this thin may
carry it’s own additional mortality.

Tables from Jackson & Ross, 1990

HbAlc Measurements - Blood Glucose Control
Good (7.5)
Acceptable (7.6-8.7)
Poor (8.8-10.0)
Very Poor (10.0)
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Body Mass Index
The relationship between weight and stature is commonly expressed in the form of
body mass index (BMI). Body mass index has been used to categorize persons with
respect to their health fitness and their degree of obesity. BMI doe not differentiate fat
weight from fat free weight. Thus, it is insensitive to respective contributions of
muscle and fat free weight to body weight. Therefore cautious interpretation should
be made of the BMI value as a direct measurement of the degree of fatness.

Obesity Classification based on Body Mass Index
Classification

Men

Women

Normal

<25

<27

Moderately Obese

25-30

27-30

Massively Obese

30-40

30-40

Morbid Obese

>40

>40

Di Girolamo, 1986

Flexibility
Flexibility is the capacity to move a joint through its full range of motion. It can be
defined as the range of possible movement around a joint. The most common factor
affecting flexibility is the inability of the muscles surrounding the joint to stretch to an
optimal length. Through regular stretching the muscles capacity to extend fully is
increased, thus allowing the joint a greater range of motion. Flexibility is not a
competitive element of training and should not be treated as one. Flexibility is an
element, which is used to increase performance levels and enhance elements of
fitness.

Hamstring Flexibility Classification
Low

Mod. Low

Average

Mod. High

High

Men

<49

50-67

68-88

89-106

107+

Women

<81

82-99

100-120

121-138

139+
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Lune Function

An important consideration during and after exercise is the individual ability to
sustain high levels of airflow through the lungs. This depends on the speed at which
the volumes can be moved in one breathing cycle, measured in terms of either a short
period of hyperventilation or a single maximal respiratory effort. The latter i.e.
maximal expiratory volumes are often used as a measure of airway resistance.
•

The volume of air moved during the cycle of each breath is termed tidal volume
(TV).

•

The total volume of air that can be voluntarily moved in one breath, from full
inspiration to maximum expiration, or vice, versa, is termed the forced vital
capacity (FVC).

•

The term forced expiratory volume (FEVl/FEV) provides an indication of
expiratory power and overall resistance to air movement in the lungs. Normally,
about 85% of the vital capacity can be excelled in 1 second.

•

FER - Forced Expiratory Ratio - FEVl/FVC (%)

•

PEER - Peak Expiratory Flow Rate

Although some measures of lung function are sensitive indices of the severity of
obstructive and restrictive lung disease, and do increase somewhat in patients and
normal people with training, they are of little use in predicting fitness or performance
provided that the values fall within the normal range. Swimming may be more
conducive to the development of larger than normal static lung function. Although the
feelings of fatigue in strenuous exercise are frequently related to feeling of out of
breath or winded it appears that the normal capacity for pulmonary ventilation does
not limit exercise performance.

Aerobic Power
Aerobic power or aerobic endurance refers to the body's capacity to continue
prolonged physical activity. Its main importance is in activities, which continue for
more than 2-3 minutes. The test for this capacity is the Maximal Oxygen
Consumption test (VO2 max), which measures the maximum volume of oxygen, used
by the body per minute during activity. Due to the high cost of equipment and the
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technical nature of this test it is mainly conducted in specialized laboratories. This
limitation has led to the development of a wide range of both field and laboratory tests
which attempt to predict VO2 max- without the need for expensive equipment. The VO2
max also requires the subject to exercise to exhaustion. For older, overweight and
asthmatic people and also other groups with special needs, this type of test may not be
suitable. However, their accuracy in predicting VO2 max vary greatly. They are
particularly useful for indicating improvements in aerobic capacity once protocols
have been adhered to. We can categorize them depending on the type of exercise
required.
Running / Walking Tests
Step Tests
Treadmill Tests
Bicycle Ergometer Tests
These can be categorized as single or multi-stage tests. Most of the above tests base
their production on the linear relationship between oxygen uptake, heart rate and work
output. It is important to note that a high VO2 max score does not always equate with
good race performances. The Onset of Blood Lactate Accumulation (OBLA) has been
found to be a more useful prediction of endurance than VO2 max, as it determines the
rate of aerobic energy production and for how long it can be maintained. Thus for top
class athletes a combination of a VO2 max and a lactate test is required to determine
potential and training thresholds.

I
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How much exercise to do?
F- Frequency - Frequently is interrelated with both intensity and duration of exercise
and therefore depends on these two variables.
I - Intensity Classification of intensity of exercise based on 30 to 60 minutes of training
%HR max

%V02.nax

RPE

Classiflcation of
Intensity

<35

<30

<10

Very light

35-59

30-49

10-11

Light

60-79

50-74

12-13

Moderate

80-89

75-84

14-16

Heavy

>90

>85

>16

Very Heavy

Egger & Champion, 1990

T- Time - American College of Sports Medicine recommends 20 to 60 minutes of
continuos aerobic activity. Initial goals should be set reasonably so that individuals
can reach preset goals with exercise sessions of moderate duration (20 to 30 minutes).
For severely deconditioned individuals, multiple sessions of short duration (10
minutes) may be necessary.
T - Type - Make sure that the type of exercise is something that you enjoy and will
keep up. Try and choose activities that are continuous in nature and that have you
breathing faster but still able to talk if necessary.

N.B.
Remember to record your exercise sessions and your blood glucose levels after
every session of exercise
Use the technique of heart rate monitoring and RPE so that you can gauge your
intensity levels.
Try to exercise with someone as the buddy system will motivate you to keep
going
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Percentile Values for Lung function - FVC for male and female
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Norm Tables for VO2 max levels for male and females classified by age
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Percentile values for VO2 max for male and female classified by age

\ allies for \ o2 tna\ tor male and females classified li> aijc

Wilmore & Costill, 1982
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Male Lung Function Norms
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Female Lung Function Norms
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Appendix D

DAILY EXERCISE TRAINING LOG
Name:
Pre
Urine
BG
test

Pre
Food

Time of Date
day

Type of Exercise:
Exercise Time

Pre
BG

Urine
test

Pre
Food

Time of Date
day

Type of Exercise:

Pre
BG

Urine
test

Pre
Food

Time of Date
day

Urine
test

Distance/Work Load

Pre
Food

Time of Date
day

Pre
BG

Urine
test

Distance/Work Load

Pre
Food

Time of Date
day

During
BG

During
food

RPE

Post
BG

Post
Food

Peak HR

During
BG

During
food

RPE

Post
BG

Post
Food

Peak HR

During
BG

During
food

RPE

Post
BG

Post
Food

Peak HR

During
BG

During
food

RPE

Post
BG

Post
Food

Comments:

Type of Exercise:
Exercise Time

Peak HR

Comments:

Type of Exercise:
Exercise Time

Post
Food

Comments:

Type of Exercise:

Pre
BG

Post
BG

Comments:
Distance/Work Load

Exercise Time

During
food

Comments:
Distance/Work Load

Exercise Time

During
BG

Distance/Work Load
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Appendix E

The Weil Being Questionnaire

Please circle a number on each of the following scales to indicate how often you feel each
phrase has applied to you in the past few weeks:

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

I feel that 1 am useful and needed
I have crying spells or feel like it
I find 1 can think quite clearly
My life is pretty full
I feel down hearted and blue
I enjoy the things I do
I feel nervous and anxious
I feel afraid for no reason at all
1 get upset easily or feel panicky
1 feel like I’m falling apart and going to
pieces
11. I feel calm and can sit still easily
12. I fall asleep easily and get a good night’s
rest
13. I feel energetic, active or vigorous
14. I feel dull or sluggish
15. I feel tired, worn out, used up, or
exhausted
16. I have been waking up feeling fresh and
rested
17. I have been happy, satisfied, or pleased
with my personal life
18. I have felt well adjusted to my life
situation
19. I have lived the kind of life I wanted to
20. I have felt eager to tackle my daily tasks
or make new decisions
21.1 have felt I could easily handle or cope
with any serious problem
22. My daily life has been full of things that
were interesting to me

All the
time
3
3
3
3
3
3
3
3
3
3

2
2
2
2
2
2
2
2
2
2

Not at
all
0
0
0
0
0
0
0
0
0
0

3
3

2
2

0
0

3
3
3

2
2
2

0
0
0

3

2

0

3

2

0

3

2

0

3
3

2
2

0
0

3

2

0

3

2

0

Please make sure that you have considered each of the 22 statements and have circled a
number on each of the 22 scales.
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Appendix F

HOW TO GUIDE YOUR EXERCISE INTENSITY

Rate of Perceived Exertion
The Borg scale helps you judge your exercise intensity based on your on-the-spot
perception of how difficult the exercise feels. This rating of perceived exertion (RPE)
is outlined on a scale from 6 to 20, which you consult as you exercise. If you're
exerting yourself at a level that you feel is fairly strenuous, you might assign your
effort an RPE of 13. Generally, a RPE of 12 to 13 corresponds to an exercise intensity
of 60 to 75% of the maximal heart rate. In other words, the 12-to-13 RPE range
corresponds to your training target heart rate zone, which you should aim for during
the aerobic portion of your workouts.
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Appendix F

How to Measure your Pulse Rate.
• Use you middle and index fingers to locate the radial pulse on the outside of your
wrist just below the base of your thumb. Do not use the thumb to feel the pulse.
Because it has a pulse of its own and may produce and inaccurate count. Your
sensors are the pads of your fingers, not your fingertips.
• If you cannot feel the radial pulse, try locating the carotid pulse by placing your
fingers lightly on the front of your neck, just to the side of your voice box. Do not
apply heavy pressure, because this will cause your heart rate to slow down.
• Use a stopwatch or the second hand of your wristwatch and count the number of
pulse beats for either a 6-, 10-, or 15-second period. Keep moving your feet
slightly while you take the pulse.
• Convert the pulse to beats per minute using the following multipliers: 6-second
count times 10, 10-second count times 6, and 15 second count times 4.
• Remember this value and record it on your exercise diary.

Aoe; vears
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Appendix G

Evaluation Sheet

Name:

Date:

Previous HbAlc Test

Date of Test

1.

2.

1. Do you feel that you consumed more food on the days that

Yes

No

Yes

No

Yes

No

Yes

No

you exercised?
If so - why?

2. Do you feel that exercising influences your HbAlc levels
(Glucose control)?
If so - why?

2. Do you think that you will continue to exercise for this reason
or others?

3. Do you feel that exercising maintains better control of your
diabetes?

Please complete the above as soon as possible and return it in the pre-paid envelope. I
greatly appreciate the time it has taken you to complete the study and additionally the
above.
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